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SEVENTH  ANNUAL  MEETING 

OF  THE 

American  Water  Works 

ASSOCIATION, 

Held  at  Minneapolis,  Min^jesota,  July  13,  H  ^^^  15, 1887. 


MoENiNG  Session,  Wednesday,  July  13th,  1887. 

The  members  of  the  Association  assembled  promptly 
at  10  o'clock,  in  the  Ladies'  Ordinary  of  the  West  Hotel. 
The  meeting  was  called  to  order  by  President  B.  F.  Jones. 

Upon  calling  the  roll,  the  following  gentlemen  were 
found  to  be  present : 

ACTIVE. 

Ayres,  H.  W Hartford,  Conn. 

Beach,  G.  E IVlinueapolis,  Minn. 

Bowen,  Wm Oskaloosa,  Iowa. 

Briggs,  J.  G Terre  Haute,  Ind. 

Brown,  C.  S Toledo,  Ohio. 

Buehner,  Philip St.  Paul,  Minn. 

Caulfleld,  John -. St.  Paul,  INIinn. 

Chandler,  Geo.  H Kalamazoo,  INIich. 

Decker,  J.  H Hannibal,  Mo. 

Denman,  A.  N DesMoines,  Iowa. 

Diven,  J.  M Elmira,  N.  Y. 

Donahue,  J.  P Davenport,  Iowa. 

Espy,  B.  M Wilkesbarre,  Pa. 

Fanning,  J.  T Manchester,  N.  H. 

Gardner,  L.  H New  Orleans,  La. 

Gray,  Carroll  E Waukesha,  Wis. 

Hannah,  Jos.  E Winnipeg,  Canada. 

Harrison,  H.  H „ Stillwater,  Minn. 

Henion,  J.  W MinneapoUs,  Minn. 

Holly,  F.  W Lockport,  N.  Y. 

Hood,  Chas BurUugton,  Iowa. 

Jones,  B.  F Kansas  City,  Mo. 
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Kuhn,  W.  S Muneie,  Ind. 

Lyman,  I.  L Lincoln,  Neb. 

Mills,  J.  Albert St.  Catherines,  Ontario. 

Milner,  W.  J Birmingham,  Ala. 

Molis,  Wm Muscatine,  Iowa. 

Pearsons,  G.  W Kansas  City,  Mo. 

Priddy,  C.  N Leadville,  Colo. 

Richards,  W.  G Atlanta,  Ga. 

Rinker,  Andrew Minneapolis,  Minn. 

Ryle,  Wm Paterson.  N.  J. 

iStephens,  B.  F Flatbush,  N.  Y. 

Troy,  John  W Pierre,  Dak. 

"Walsh,  Mat Minneapolis,  Minn. 

Wills,  E.  S Atchison,  Kas. 

Wirt,  R.  D Independence,  Mo. 

ASSOCIATE. 

Bingham  «fe  Taylor Buffalo,  N.  Y. 

Beaumont,  R Kankakee,  111. 

Chapman  Valve  Co Indian  Orchard,  Mass. 

Clow,  J.  B.,  &  Sons Chicago  111. 

Gaskell,  H.  F Lockport,  N.  Y. 

Morgan,  A.  W Buffalo,  N.  Y. 

National  Meter  Co New  York,  N.  Y. 

National  Tube  Works  Co McKeesport,  Pa. 

Nelson,  N.  O.,  Mfg.  Co St.  Louis,  Mo. 

Newark  Filtering  Co New  York,  N.  Y. 

Union  Water  Meter  Co Worcester,  Mass. 

Wood,  R.  D.,  &  Co Philadelphia,  Pa. 

Worthington,  H.  R New  York,  N.  Y. 

NEW   MEMBERS. 

Applications  for  membership  from  the  following  were 
read  by  the  Secretary : 

Bergstrom,  A Minneapolis,  Minn. 

Bixby,  Walter  A Galena.  111. 

Drummond,  C.  S Winnipeg,  Can. 

Getchell,  W.  H Faribault,  Minn. 

Jones,  R.  M Wyandotte,  Kas. 

Keeler,  H.  E Chicago,  111. 

Loweth,  C.  F St.  Paul,  Minn. 

Moody,  F.  L Minneapolis,  Minn. 

Parrott,  H.  C Lockport,  N.  Y. 

Pearsons,  R.  C Wyandotte,  Kas. 

VanCleve,  H.  S Pierre,  Dak. 

Weller,  John East  Saginaw,  Mich. 

Willard,  W.  H.... Eau  Claire,  Wis. 

ASSOCIATE. 

Galvin  Brass  &  Iron  Works Detroit,  Mich. 

Volker  &  Felthousen  Mfg.  Co Buffalo,  N.  Y. 

Robertson,  R.  A.,  Jr Providence,  R.  I. 

Columbus  Water  Co Columbus,  Ohio. 


On  motion  the  Secretary  was  instructed  to  cast  the 
ballot  of  the  association  for  the  gentlemen  proposed,  and 
upon  their  election  being  announced,  were  welcomed  to 
membership. 

ADDBESS  OF  THE  PBESIDENT. 

Gentlemen  : — It  now  becomes  my  duty  to  call  to  order  the 
seventh  meeting  of  our  association.  I  need  not  tell  you  the 
objects  of  it,  but  may  urge  prompt  attendance  at  every  session 
and  ask  you  to  display  earnestness  in  the  work  before  us.  "We 
are  to  discuss  matters  of  importance  to  each  one  of  us,  to  those 
we  represent,  and  in  fact,  to  the  whole  country. 

We  happen  to  hve  in  a  progressive  and  restless  age ;  im- 
provements in  every  department  of  life  are  proceeding  at  a  ratio 
almost  inconceivable  to  the  human  mind,  and  whether  we  can 
or  not,  we  are  expected  to  improve  the  water  supply  all  over  the 
country,  to  better  satisfy  the  people  and  likewise  improve  upon 
the  modes  of  supplying  it,  to  satisfy  stockholders  and  boards  of 
public  works. 

When  we  consider  the  fact  that  sources  of  water  supply 
once  entirely  pure  and  satisfactory,  have  become  foul  and  unfit 
for  use  by  reason  of  increase  in  population  and  consequent  defile- 
ment, it  is  suggestive  of  a  mighty  problem  in  the  future,  which 
the  members  of  the  association,  scientists,  and  chemists  will  be 
expected  to  solve.  I  am  of  opinion  that  persons  representing 
private  corporations  in  the  supplying  of  water  are  devoting  more 
attention  and  study  to  this  matter  than  the  cities  are,  and  that 
the  public  are  more  inclined  to  question  the  quality  of  water 
furnished  and  the  management,  where  the  works  are  owned  by 
corporations,  than  when  owned  and  managed  by  cities.  This  is 
natural :  those  of  us,  therefore,  who  represent  private  corpora- 
tions, should  take  advantage  of  every  faciUty  oflfered  to  improve 
our  methods  and  keep  pace  with  the  exigencies  of  the  times,  for 
it  is  plain  that  if  we  do  not,  the  cities  will  own  all  the  water 
works  in  the  country,  which  may  or  may  not  be  the  best  for  the 
whole  people. 

The  known  subjects  for  discussion  at  the  meeting  are : 

Natural  Filtration G.  W.  Pearsons. 

Legal  Relations.    Consumers  vs.  Suppliers A.  A.  Godard. 

Is  Water  Property? A,  N.  Denman. 

Reservoirs,  Open  or  Closed G.  E.  Beach. 

Filtration  or  Subsidence J.  D.  Cook. 

Local  Distribution  of  Water P.  Milne,  Jr. 

Fungus  or  Mossy  Growth S.  McElroy. 

Elevator  Indicators J.  N.  Tubbs. 

Ground  Water  as  a  Source  of  Supply A.  C.  Sekell. 

Water  for  PubUc  Supplies Col.  Wm.  Ludlow. 

Private  Water  Companies H.  F.  Dunham. 

Revolution  Counters Frank  H.  Pond. 

Recording  Gauges Chas.  A.  Ha^ue. 

The  range  is  a  wide  one  and  others  will  doubtless  swell  the 
list.    All  will,  no  doubt,  prove  interesting  and  instructive. 

A  water  works  superintendent  or  manager,  in  order  to  be 
successful,  must  be  able  to  master  many  difficulties ;  he  must 
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intelligently  consider  all  the  elements  entering  into  the  matter 
of  supply  and  distribution,  of  course  he  must  rely  greatly  upon 
the  Engiueer,  the  Chemist  and  Scientist,  if  not  combining  all  of 
them  in  himself. 

For  my  part,  the  available  men  combining  all  the  necessary 
qualifications  are  very  few.  Life  is  too  short  for  the  average 
manager  of  water  works  to  pretend  to  know  all  that  need  be 
known  concerning  water  supply  in  general  and  in  detail,  but  he 
can  do  the  best  he  can,  and  have  the  satisfaction  of  knowing  that 
"Angels  can  do  no  more." 

Our  discussions  are  largely  copied  and  commented  upon  in 
the  public  press  and  therefore  should  be  dealt  with  intelligently 
and  fairly.  In  this  connection  I  desire  to  refer  to  a  circumstance 
which  should  impress  every  one  of  us  with  the  importance  of 
accuracy  and  a  perfect  understanding  of  the  topic  about  which 
he  writes. 

Our  last  meeting  in  Denver  was  one  of  the  most  delightful 
we  ever  had.  The  city  authorities,  the  local  water  works 
officials  and  the  citizens  generally,  treated  us  with  marked  con- 
sideration. It  was  reserved  to  the  bad  taste  of  the  "Denver 
Tribune-Republican,"  editorially^  on  the  morning  of  the  28th  of 
June,  1886,  after  adjournment,  to  print  an  unfavorable  and 
inconsiderate  criticism  upon  an  article  read  before  the  association, 
written  by  E.  H.  Keating,  City  Engineer,  Halifax,  Nova  Scotia, 
upon  the  topic,  "Fungus  or 'Mossy  Growth  in  Clear  Water." 
The  editorial  at  the  time,  was  supposed  to  be  from  the  facile  pen 
of  Mr.  W.  E.  Hayward,  but  some  of  us  are  not  disposed  to  credit 
so  weak  an  effort  to  that  editor,  but  rather  to  the  fertile  brain  of 
some  of  the  many  drug  store  theorists  or  cranks  who  are  per- 
mitted to  infest  almost  every  community.  However  this  may 
have  been,  its  efl'ect  to  mortify  and  humiliate  many  of  the 
association  was  complete.  It  reflected  no  credit  to  Denver, 
added  no  laurels  to  the  fame  of  the  gifted  editor,  and  the  only 
consolation  to  us  lies  in  the  fact  that  all  the  fools  in  the  world  do 
not  belong  to  the  American  Water  Works  Association. 

I  know  whereof  I  speak,  when  I  assure  you,  although 
there  is  no  patent  on  decency,  that  the  press  of  this  cit^'  was 
never  guilty  of  such  unwarrantable  discourtesy. 

The  paper  read  was  written  by  Mr.  Keating  upon  a  subject 
assigned  by  the  committee.  He  stated  his  views  as  they  had 
been  learned  from  a  very  limited  exjDerience.  Thej'  were 
practical,  straightforward  'and  business-like.  It  may  be  of 
interest  to  the  complaisant  author  to  have  it  reiterated  that  the 
growth  spoken  of  does  exist  in  the  purest  bodies  of  water  of 
which  we  have  any  knowledge.  In  the  great  lakes,  and  St. 
Lawrence  river,  where  the  water  is  so  clear  that  the  bottom  can 
be  seen  at  depths  of  from  ten  to  twenty  feet,  the  same  fungus  is 
found  plentifully.  As  to  how  well  it  adheres  to  surfaces,  or 
whether  it  can  stand  the  action  of  heavy  currents,  any  one  who 
has  seen  a  screw  propeller  taken  into  dry  dock  can  answer.  Not 
only  does  it  grow  upon  the  hull,  but  upon  the  blades  of  the 
wheel  itself,  and  the  effort  of  the  "Denver  Tribune"  was  an 
exhibition  of  how  an  ignorant  man  can  ventilate  his  private 
opinion  in  the  columns  of  a  friendly,  but  not  over-scrupulous 
newspaper. 

In  conclusion,  I  beg  to  say  that  it  is  of  importance  to  the 
well-being  of  the  association  that  its  members  dwell  together  in 
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harmony.  Some  little  unkind  feeling,  I  fear,  has  been  developed 
since  our  last  meeting,  growing  out  of  some  committee  work. 
According  to  parliamentary  usage,  some  member  may  feel  called 
upon  to  "rise  to  a  question  of  personal  privilege."  It  may  as 
well  be  understood  now,  that  this  parliament  recognizes  no  such 
usage. 

In  our  town  we  have  an  eccentric  doctor  (every  town  has 
,one)  who  was  consulted  by  an  actress  of  rare  beauty,  requesting 
to  be  vaccinated  at  some  place  where  the  effects  would  not  be 
seen.  After  considering  the  matter,  and  being  pressed  for  an 
answer.  Dr.  Wood  gravely  said,  "Madame,  you  will  have  to 
swallow  it."  My  advice  in  this  case  would  be  the  same,  if  you 
have  a  grievance,  "  swallow  it." 

We  have  present  with  us  a  guest,  Mr.  Y.  Nakajima, 
graduate  of  the  Imperial  University  of  Tokio,  Japan,  engaged 
in  the  Department  of  Hydraulic  Engineering,  visiting  this 
country  and  Europe  for  the  study  of  the  science  as  practiced 
here  and  there.  Having  spent  the  last  six  months  on  our  work 
at  Kansas  City,  I  have  taken  the  liberty  of  inviting  him  to  join 
us  here,  and  would  be  pleased  to  have  him  made  an  honorary 
member  of  our  association.  If  any  member  will  make  such  a 
motion  I  think  we  may  dispense  with  formality. 

On  motion  of  Air.  G.  W.  Pearsons,  Mr.  Y.  Nakajima, 
of  the  Imperial  University  of  Tokio,  Japan,  was  elected 
an  honorary  member  of  the  Association.  Mr.  Nakajima 
responded  : 

Mr.  President  and  Gentlemen  : — I  thank  you  very 
much  for  your  favor  of  electing  me  as  an  honorary  member  of 
the  Association,  Though  I  am  not  at  all  entitled  to  such  a  high 
honor,  I  willingly  accept  it,  because  by  being  so,  I  shall  be  very 
much  benefited  in  my  study,  by  your  wide  experiences.  I  hope, 
however,  that  I  w^ili  do  something  in  future  for  the  Association. 

Alderman  Mills  in  way  of  an  apology  for  the  absence 
of  the  Mayor,  and  in  extending  a  welcome  to  the  members 
of  the  Association  in  behalf  of  the  City  Council  of  the 
City  of  Minneapolis,  spoke  as  follows : 

Mr.  President  and  Gentlemen  of  the  Association  : — 
We  owe  you  an  apolosfy  oa  account  of  the  unavoidable  absence 
of  our  Mayor,  who  it  was  understood  was  to  perform  the  pleasant 
duty  of  tendering  you  a  cordial  welcome  to  our  city.  We  expect 
him  here  in  the  course  of  an  hour  or  two,  and  we  hope  you  will 
bear  with  him  and  be  kind  enough  to  accept  this  as  an  apology. 

As  a  representative  of  the  Council  of  the  City  of  Minne- 
apoUs,  I  take  great  pleasure  iu  tendering  to  you  a  cordial  wel- 
come, and  shall  take  pleasure  in  making  every  effort  to  make 
your  stay  a  j^leasant  one.  And  after  your  labors  are  completed, 
and  the  objects  and  aims  of  your  meeting  accomplislied  to  the 
entire  satisfaction  of  each  aud  every  member  of  the  Association, 
hope  you  will  remain  long  enough  in  our  midst  to  become 
acquainted  with  our  peoj^le  and  investigate  the  industries  and 
resources  of  our  beautiful  and  prosperous  city. 

We  assure  you  that  we  will  use  every  effort  to  take  care  of 
you,  and  make  your  stay  pleasant  and  we  hope  profitable. 
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I  will  now  introduce  to  you  Mr.  Walsh,  Superintendent  of 
the  "Water  Works  of  this  city,  who  in  the  absence  of  the  Mayor 
will  formally  receive  you. 

ADDRESS  OF  SUPERINTENDENT  WALSH. 

Mr.  President,  Gentlemen  and  Brother  Members 
OF  THE  American  Water  Works  Association  : — I  take  great 
pleasure  in  joining  my  voice  with  that  of  Alderman  Mills,  who 
has  just  preceded  me  iu  extending  to  you  a  hearty  welcome  to 
the  city  of  Minneapolis. 

He  has  just  assured  you  of  a  warm  and  hearty  welcome  to 
our  city  on  the  part  of  the  City  Council  of  the  City  of  Minne- 
apolis f  and  in  behalf  of  the  water  department  of  this  city  I  take 
great  pleasure  in  extending  to  you  a  cordial  welcome  from  each 
and  every  member  of  this  department ;  and  I  assure  you  that 
each  one  will  deem  it  a  pleasure  to  do  all  in  his  power  to  inter- 
est and  entertain  you  during  your  stay  with  us. 

We  are  verj'  proud  of  our  city,  and  will  take  great  pleasure 
and  pride  in  showing  you  its  advantages  and  calling  your  atten- 
tion to  the  rapid  and  substantial  progress  we  have  made. 

Those  of  you  who  have  been  here  in  former  years  need  only 
to  look  around  to  discover  and  realize  the  progress  we  have 
made ;  and  those  of  you  who  have  never  been  here  before  will 
be  perfectly  wilhng  to  admit  that  ours  is  a  prosperous  and  grow- 
ing city.  Those  of  you  who  have  come  here  from  larger  and 
older  cities,  with  their  various  departments  fully  developed,  will 
not  perhaps  fully  realize  the  wonderful  progress  and  growth  of 
this  city. 

Our  growth  has  been  almost  unparalleled.  I  ask  you,  Mr. 
President  and  gentlemen,  to  look  back  a  few  years  and  note  what 
we  were  then,  then  make  the  comparison  with  what  we  are 
to-day. 

Forty  years  ago,  where  this  beautiful  city  now  stands,  on 
the  very  spot  where  this  grand  structure,  this  monument  of 
mechanical  ingenuity  and  skill,  in  which  we  are  assembled, 
stands,  stood  the  wigwam  of  the  Indian.  At  that  time  this 
great  body  of  water,  which  constitutes  our  water  power,  was 
tumbling  over  our  valleys,  pursuing  its  course  uninterrupted  and 
finally  mixing  with  the  great  waters  of  the  gulf;  but  in  time 
civilization  and  invention  enabled  the  people  to  utilize  these 
natural  advantages  and  make  at  this  place  a  water  power  second 
to  none  in  this  entir?  country,  and  which  will  be  one  of  the  means 
of  building  upon  the  banks  of  this  river  a  city  which  will  assist 
in  the  future  development  of  the  entire  Northwest. 

No  doubt,  gentlemen,  in  looking  over  our  water  department 
you  will  naturally  draw  the  conclusion  that  we  are  yet  in  a  crude 
state,  but  you  must  remember  the  fact  that  in  the  year  1866  the 
nucleus  of  our  present  system  was  laid,  consisting  of  two  small 
pumps,  known  as  "The  Holly,"  and  with  but  a  few  blocks  of 
wooden  i)ipe.  We  have  laid,  up  to  this  year,  eighty  miles  of  pipe, 
and  we  have  now  in  process  of  construction  over  forty  miles  more. 

We  have  a  daily  pumping  capacity  of  nine  millions  of  gal- 
lons, and  are  furnishing  water  for  over  eight  thousand  buildings 
and  stores,  producing  an  annual  revenue  of  one  hundred  and 
thirty  thousand  dollars,  and  all  this  accomplished  within  the 
last  twenty  years.     We  have  1,032  fire  hydrants,  and  602  gates 
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in  our  water  works  at  the  present  time.  These  figures  may  be 
tiresome,  but  I  wish  to  present  to  you  the  contrast  between 
twenty  years  ago  and  the  present  time,  and.  call  your  attention 
to  the  rapid  progress  we  have  made  in  this  line. 

Now,  Mr.  President  and  gentlemen,  while  we  are  more  than 
anxious  to  make  your  stay  with  us  pleasant  and  agreeable  as 
possible,  you  will  pardon  us  for  being  selfish  enough  to  manifest 
a  desire  to  profit  by  your  presence  among  us.  We  look  upon 
you,  gentlemen,  as  the  embodiment  of  almost  all  that  is  practical 
in  hydraulics  and  engineering  skill  of  this  age  and  country,  and 
we  desire  you  to  devote  a  small  portion  of  your  time  to  a  dis- 
cussion and  consideration  of  our  system.  We  have  none  but  the 
direct  pressure  system.  The  water  is  forced  direct  into  and 
through  the  pipes,  and  you  can  realize,  gentlemen,  the  great 
strain  the  pipes  are  subject  to,  and  have  to  sustain  in  case  of  a 
large  fire,  when  a  large  amount  of  water  is  suddenly  forced 
through  them.  This  is  a  question  that  I  believe  the  officers 
of  the  department  are  most  anxious  that  a  small  portion  of 
your  time  be  devoted  to  the  discussion  of,  and  any  suggestions 
made  to  the  Council  by  the  association  will  be  received  and 
studied  with  great  deliberation. 

I  now  have  one  word  more :  I  feel,  Mr.  President  and 
gentlemen,  that  we  would  fail  in  a  proper  feeUng  of  hospitality 
toward  the  members  of  the  association,  if  I  were  to  close  without 
reminding  you  of  the  fact  that  at  the  special  instance  and  request 
of  the  Water  Board,  the  engineer  has  been  notified  to  keep 
every  thing  in  good  running  order  so  that  there  may  be  no  lack 
of  water  during  your  stay  in  the  city.  With  reference  to  its  use 
as  a  beverage,  I  desire  to  extend  a  word  of  caution,  and  that  is 
that  it  takes  some  time  to  become  acclimated  to  our  water ;  it 
takes  a  year  sometimes,  in  fact  we  have  some  who  have  resided 
here  for  twenty-five  and  thirty  years  aud  have  not  yet  become 
acclimated,  and  I  fear  they  never  will. 

The  arrival  of  Mayor  Ames  being  made  known, 
President  Jones  said : 

We  are  very  happy  indeed  to  meet  you,  Mayor  Ames.  We 
have  already  listened  to  an  address  from  Superintendent  Walsh, 
which  was  very  gratifying  indeed,  but  assure  you  that  we  are 
very  glad  to  see  you  here,  and  will  be  pleased  to  hear  from  you. 

Mayor  Ames  responded  as  follows  : 

Mr.  President  and  Gentlemen  of  the  Convention: — 
I  am  sorry  that  there  has  been  such  a  tremendous  mistake, 
and  that  in  consequence  of  the  mistake  1  have  not  been  able  to 
meet  you  as  I  intended.  I  understand  that  there  has  been  a 
carriage  out  hunting  me,  and  at  the  same  time  I  have  been 
hunting  for  the  convention.  I  have  been  all  round  the  city 
hunting  for  your  place  of  meeting,  that  I  might  meet  you  gentle- 
men at  the  time  appointed.  I  was  just  on  the  point  of  giving 
up  the  search  when  a  newsboy  told  me  that  you  were  meeting 
up  here. 

Now,  gentlemen  and  friends,  it  gives  me  great  pleasure  as 
the  executive  of  this  thriving  city  of  the  northwest  to  bid  you 
welcome  to  the  city  of  Minneapolis  and  extend  to  you  the  hospi- 
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tali  ties  of  its  citizens  ;  and  I  feel  confident  that  these  hospitalities 
will  be  bestowed  in  such  a  manner  as  to  render  your  stay  a 
pleasant  one,  and  make  such  an  impression  on  you  that  you  will 
think  of  us  kindly  long  after  you  have  gone  away. 

We  of  the  Northwest  do  not  move  as  lively  as  the  people 
of  the  South — we  go  slow  but  sure. 

We  propose  while  you  are  here  to  fish  you,  sun-burn  you, 
dry  you  up  and  throw  water  on  you. 

We  are,  as  you  observe,  gentlemen,  considerable  of  a  water 
town.  With  the  broad  Mississippi  flowing  through  our  city, 
and  surrounded  with  numerous  lakes,  will  enable  us  to  furnish 
the  drinking  portion  of  the  members  with  all  the  water  they 
want.  When  you  get  through  with  your  business,  if  water  still 
has  any  charms  for  you,  we  would  like  to  have  you  visit  our 
pleasant  lakes  and  take  a  drive  on  the  boulevards  that  extend 
around  the  lakes,  and  would  like  to  have  you  cast  a  line  in  them. 

Xow  in  conclusion,  gentlemen,  I  will  say  that  we  propose 
while  you  are  in  our  city,  to  extend  to  you  the  hospitalities  that 
any  good  people  would  extend  to  another,  and  convince  you  that 
the  hospitahty  of  the  people  of  the  Xorth  is  equal  to  that  of  the 
people  of  the  South. 

Now  in  behalf  of  the  city  of  Minniapolis  and  its  citizens, 
I  extend  to  you  a  most  cordial  welcome,  and  hope  you  will  have 
a  pleasant  time  while  you  are  in  our  midst. 

Pres.  Jones  responded : 

On  behalf  of  the  American  Water  Works  Association,  I 
thank  you  most  sincerely  for  this  kindly  reception.  We  are 
delighted  to  see,  many  of  us  for  the  first  time,  your  beautiful 
and  prosperous  city — the  gateway  to  the  great  Northwest ;  your 
marvelous  water  power ;  your  incomparable  mills  ;  your  enter- 
prising and  watchful  press,  and  all  that  marks  the  progressive 
city.  We  are  somewhat  disappointed  in  the  temperature ;  it  is 
not  as  cold  as  we  expected  ;  overcoats  we  find  not  wholly  indis- 
pensable all  the  year  round  ;  and  there  does  not  appear  to  be 
much  left  of  St.  Paul's  ice  palace.  If  you  had  known  we  were 
coming,  you  would  doubtless  have  kept  it  for  us. 

We  are  a  very  peaceable  people,  meeting  once  a  year  in 
conference  to  exchange  views  and  experiences  concerning  one  of 
the  elements  on  which  the  health  and  happiness  of  the  whole 
human  family  is  absolutely  dependent.  All  communities  are  not 
so  fortunate  as  yours  in  this  respect,  and  you  are  to  be  congratu- 
lated that  many  years  may  elapse  before  ^Minneapolis  need  feel 
any  anxiety  in  the  matter  of  pure  water  supply,  unless  we  except 
perhaps,  a  dash  of  sawdust  now  and  then,  which  is  not  unwhole- 
some. Not  so  witli  New  York,  Boston,  Philadelphia,  Chicago, 
Cincinnati  and  other  large  cities. 

We  are  here  by  invitation,  and  will  endeavor  to  conduct 
ourselves  'is  it  becomes  in\'ited  guests  to  do,  and  so  far  as  it  may 
be  consistent  with  duty,  we  are  at  your  service;  but  permit  me 
to  suggest  that  we  have  duties  here,  as  well  as  privileges.  To 
many  present  the  discussions  will  be  new  ;  all  are  in  search  of 
information  ;  all  are  not  engineers  or  experts  in  any  sense. 

Among  our  number,  however,  you  can  find  some  amply 
able  to  select  a  source  for  water  supply  ;  some  to  tell  you  the 
proper  kind  of  machinery  to  employ  and  where  to  get  it ;  some 
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all  about  grate  bars,  smoke-stacks  and  perfect  combustion,  while 
many  are  supplied  with  chestnut  bells  for  the  advocate  of  smoke 
consumption.  Others  are  experts  in  the  matter  of  dealing  Avith 
the  public,  making  and  enforcing,  agreeably,  rules  and  regula- 
tions ;  water  rates,  how  to  collect ;  water  waste,  how  to  prevent  1 
water  power,  how  to  utilize ;  water  meters,  motors,  elevators, 
indicators,  and  the  like;  and  still  others,  doubtless,  who  could 
discuss  more  or  less  intelligently  upon  such  subjects  as  fungus, 
algae,  bacteria,  microbe^,  organic  matter,  nitrates  and  nitrites, 
albuminoids  and  their  special  adaptabiUty  to  the  human  stomach. 
So  you  can  readily  realize  that,  taken  collectively  and  in- 
dividually, there  is  wisdom  in  the  camp  somewhere. 

Considering  the  fact  that  our  forefathers  as  a  rule  lived 
to  good  old  ages,  we  are  inclined  to  think  that  it  was  fortunate 
that  they  were  not  aware,  that  practically  all  the  fluids  in  the 
universe  were  filled  with  deadly  enemies  of  mankind. 

The  Sanitary  Era  has  published  pictures  of  the  microbes 
found  in  the  Croton  water,  which  are  simply  horrible  to  contem- 
plate. We  are  told  by  scientists  that  one  drop  of  water  of  fair 
quality  contains,  by  actual  count,  exacAly  1300  microbes ;  just 
think  of  it.  Malarial  fevers  are  said  to  be  produced  by  air  germs 
generated  in  the  soil,  and  therefore  the  soil  ought  not  to  be  dis- 
turbed. The  mouth  is  a  liiding  place  for  microbes,  therefore 
should  be  kept  shut.  They  are  even  said  to  produce  what  is 
known  as  tartar  or  dental  caries  ;  the  best  remedy  in  this  case 
is  the  tooth  brush  which,  be  it  remembered,  is  an  unknown 
luxury  to  many  long-lived  people. 

I  only  mention  these  to  give  you  a  faint  idea  of  the  breadth 
and  scope  of  our  mission.  We  must  not  be  content  so  long  as 
science  is  piling  these  discoveries  upon  us.  When  we  know  that 
even  so  small  an  insect  as  a  flea  has  been  trained  to  work  in 
harness,  and  a  census  taken  of  the  microbe  inhabitants  of  a 
single  drop  of  water,  there  is  uncertainty  as  to  future  possibilities 
in  science  and  iKitience.  So  far  the  people  seem  to  have  the  best 
of  the  struggle  with  the  microbe  tribe. 

Speaking  of  fleas — 

"The  great  big  fleas  have  little  fleas 

Upon  their  backs  to  bite  'em, 
The  little  fleas  have  lesser  fleas, 
And  so  on  ad  infinitum." 
But  I  will  not  detain  you  with  details. 

The  following  report  of  the  Executive  Committee  was 
read  by  the  Secretary: 

MiNNEAPOiiis,  Minn.,  July  13,  1887. 
To  the  Members  of  the  American  Water  Works  Association : 

Gentlemen  : — Your  Executive  Committee  would  respect- 
fully report : 

That  they  have  fixed  the  salary  of  the  Secretary  and 
Treasurer  at  §200  for  the  past  year. 

That  they  have  examined  the  report  and  the  books  of  the 
Secretary  and  Treasurer  and  find  the  same  correct. 

That  they  have  had  before  them  a  paper  presented  by  Mr. 
W.  C.  Conant,  of  New  York,  and  that  the  same  has  been  sub- 
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mitted  to  a  committee  consisting  of  Messrs.  L.  H.  Gardner,  A, 
N.  Denman  and  James  P.  Donahue,  who  shall  examine  the  same 
and  report  to  the  Association. 

For  the  Committee, 

B.  F.  JONES,  Pbes't. 

On  motion  the  report  was  adopted.  The  Secretary 
and  Treasurer  presented  the  following  annual  report : 

REPORT  OF  SECRETARY  AND  TREASURER. 

To  the   Officers  and  Members  of  the  American   Water   Works 
Association  : 

GentIjEMEM  : — I  have  the  honor  to  submit  herewith  my 
seventh  annual  report  as  Secretary  and  Treasurer  of  the 
Association. 

Since  the  presentation  of  my  last  report  the  Association 
gained  42  Active  and  9  Associate  members;  and  has  lost,  by 
dropping  from  the  rolls,  12 ;  by  resignation,  5,  and  by  death,  1 ; 
R.   G.   Anderson,   M.   E.,    Scranton,  Pa. 

There  are  enrolled  to-day,  Active  members  181 ;  Associate 
51.    Total  membership  232. 

The  receipts  since  my  last  report  have  been : 

Balance  on  hand  last  report $  36  00 

From  Admission  Fees $300  00 

"      Annual  Dues 561  00 

"      Sales  of  Proceedings 8  20    869  20 

Total  from  all  sources $905  20 

Disbursements : 

Warrant  No.  27,  in  favor  of  H.  L.  Denison,  Stenographer..$  90  00 
"  28,  "  StandardP.Co.,Pr'nt&Sta'ry  265  70 

"  29,  "  "  "        Notices,  &c...     35  00 

♦«  30,  "  J.  H.  Decker,  Office  Ex 84  50 

"  31,  "  "  Salary 200  00 

Balance  Cash  on  hand 230  00 

$905  20 
With  hearty  and  sincere  thanks  to  my  fellow  officers  and 
members  for  the  many  courtesies  received,  this  is 
Respectfully  submitted. 

J.  H.  DECKER,  Sec'y. 
MinneapoUs,  Minn.,  July  13th,  1887. 
Approved :   Executive  Committee. 

B.  F.  JONES,  Pres't. 

On  motion  the  report  was  adopted  and  ordered 
spread  upon  the  minutes. 

On  motion  of  the  Secretary,  the  courtesies  of  the 
Association  were  extended  to  the  Engineers'  Club  of 
Minnesota,  the  Civil  Engineers'  Society  of  St.  Paul,  and 
the  Faculty  of  the  Minnesota  State  University. 

Adjourned. 
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Afternoon  Session,  July  13tli,  1887. 

Promptly  at  2:30  o'clock,  Wednesday,  July  13tli,  the 
members  assembled  and  the  meeting  was  called  to  order 
by  the  President. 

Eeading  of  a  paper  by  Secretary,  from  A.  0.  Sekell. 


GROUND   WATER  AS  A  SOURCE  OF  SUPPLY. 

BY  A.  C,  SEKELIi,  GRAND  RAPIDS,  MICH. 

Ground  water  is  now  a  very  common  source  of  water  sup- 
ply, particularly  in  the  smaller  cities  and  ^^llag:es.  It  is  usually 
of  good  quality,  and  frequently  it  is  vastly  superior  to  any  other 
water  that  is  readily  procurable.  The  question  of  the  purity 
and  wholesomeness  of  public  water  supplies  is  now  beginning  to 
receive  more  attention  as  the  general  public  becomes  better  in- 
formed, and  hence  the  study  of  ground  water  assumes  increasing 
interest.  What  is  ground  water?  It  has  been  called  the  moving 
sea  beneath  our  feet ;  a  poetical  but  misleading  jDhrase.  I  have 
heard  it  called  "the  second  vein."  I  think  a  good  definition, 
and  one  which  would  tend,  if  kept  in  mind,  to  prevent  mistakes 
in  judgment,  would  be  this :  Spring  water  that  has  not  reached 
the  surface.  A  spring  is  a  fixed  fact.  Its  flow  can  be  measured 
with  accuracy.  It  is  subject  to  variations  of  season,  of  rainfall. 
Its  yield  is  hmited  ;  its  drainage  area  is  a  reality. 

Now  all  true  ground  water  supplies  are  subject  to  the  same 
general  laws  that  springs  are.  When  ground  water  is  pumped, 
as  from  a  well  or  infiltration  gallery,  the  flow  of  some  stream, 
spring  or  collection  of  streams  and  springs  is  reduced  by  just 
this  amount  pumped.  I  think  it  is  generally  conceded  that 
every  spring  has  a  definite  drainage  area,  and'if  this  is  true,  it 
is  equally  true  that  everj'  well,  gallery  or  basin  which  furnishes 
ground  water  only,  has  a  definite  drainage  area. 

The  drainage  area  of  a  well  located  at  the  mouth  of  a 
creek  may  or  may  not  coincide  with  the  drainage  area  of  the 
creek  itself.  The  difference  is  this,  the  creek  may  drain  the  sur- 
face of  the  ground  only,  the  well  drains  the  ground  itself  of  the 
waters  that  pass  through  the  surface. 

A  study  of  any  given  source  of  ground  water  supply  in- 
volves an  examination  of  three  subjects: 

First. — That  which  relates  to  matters  above  the  surface  of 
the  ground.  The  rainfall,  its  character  as  to  the  extent,  number, 
frequency  and  distribution  of  the  storms,  as  well  as  the  annual 
quantity ;  the  conditions  of  climate  which  determine  the  annual 
evaporation.  These  are  so  many  and  complex,  that  they  need 
not  now  be  considered. 

Second — That  which  relates  to  the  surface  of  the  ground  it- 
self and  its  natural  covering. 

Its  abiUty  to  absorb  and  retain  water,  or  its  tendency  to 
permit  free  percolation.  The  nature  of  the  vegetation,  and  the 
extent  and  character  of  the  sloping  surfaces,  which  determine 
largely  the  percentage  of  heavy  rains  that  escapes  into  the 
streams  as  surface  water.  The  sources  of  pollution  which  occur 
are  also  to  be  considered. 
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Third — That  which  relates  to  matters  below  the  surface. 
This  involves  a  study  of  the  soil,  the  sub-soil,  and  the  strata 
underlaying  down  to  the  line  of  permanent  saturation.  Upon 
the  character  of  the  sub-surface  material,  depends  almost  wholly 
the  character  of  the  water  which  will  be  furnished. 

If  information  can  be  obtained  upon  these  points  when  any 
given  area  is  under  examination,  it  may  be  possible  to  form  an  in- 
telUgent  opinion  upon  these  two  questions.  First — What  will  be 
the  extent  of  the  area  from  which  the  ground  water  will  be 
drained,  and  Second — What  will  be  the  annual  percolation  with- 
in that  area  ? 

"With  these  two  questions  answered  it  is  a  matter  of  calcu- 
lation to  determine  the  yield  of  the  source  in  question.  I  am 
quite  willing  to  admit  that  it  is  impossible  in  almost  every  case 
to  answer  either  one  of  these  questions  with  any  certainty  of 
accuracy,  and  j'et  I  submit  that  it  is  much  better  to  make  the 
attempt  than  to  goon  blindly  and  risk  the  probabilities  of  failure. 
A  ground  water  supply  is  like  a  bank  account.  The  well  or  gal- 
lery from  which  the  supply  is  drawn  corresponds  to  the  check 
book.  The  great  quantities  of  water  lying  stored  in  the  banks  of 
sand  and  gravel  which  may  extend  for  miles  corresponds  to  the 
credit  balance  or  cash  on  hand,  while  the  occasional  rain  storm 
which  furnishes  enough  water  to  produce  percolation,  corres- 
ponds to  the  occasional  deposit.  The  simple  fact  regarding  the 
failure  of  many  ground  water  supplies  is  that  the  daily  draft  has 
been  greater  than  the  daily  average  of  the  percolation,  a  circum-  • 
stance  that  should  not  be  used  as  proof  that  ground  water  sup- 
plies are  necessarily  failures,  or  that  they  are  Liable  to  fail  after 
a  few  years  of  operation. 

in  the  selection  of  a  source  for  ground  water  supply  it  is 
manifest  that  two  essential  conditions  be  secured  ;  First — That 
tlie  surface  of  the  drainage  ground  should  be  as  free  as  possible 
from  sources  of  pollution,  and,  Second — That  the  drainage  area 
sliould  be  ample  in  extent.  The  first  of  these  essentials  is  too 
manifest  to  need  comment.  The  second  deserves  careful  atten- 
tion. Let  it  be  supposed  that  in  regard  to  some  given  territory 
under  examination  that  the  annual  rainfall  is  say  36  inches  :  that 
the  disposition  of  the  slopes  is  such  that  12  inches  of  this  escapes 
over  the  surface  into  the  stream  and  is  thus  lost,  and  that  of  the 
remaining  24  inches,  16  are  lost  in  evaporation  and  absorbed  by 
the  roots  of  vegetation,  leaving  8  inches  as  the  amount  that  sinks 
to  the  plane  of  permanent  saturation,  whence  it  moves  slowly 
along  to  springs  or  open  bodies  of  water.  This  8  inches  would 
amount  to  a  daily  average  of  about  300  gallons  per  acre,  or  380,- 
000  gallons  daily  per  square  mile.  UudeV  conditions  like  these, 
therefore,  in  order  to  be  certain  of  a  daily  supply  of  5,000,000  gal- 
lons of  ground  water,  works  should  be  so  constructed  as  to  com- 
mand a  drainage  area  of  at  least  13  square  miles. 

The  amount  of  ground  water  that  can  be  collected  from 
wet  or  swampy  surfaces  is  very  small,  as  the  annual  evaporation 
from  such  places  is  liable  to  equal  the  annual  rain  fall.  So  too 
from  heavy  clay  soils  which  are  very  retentive,  as  well  as  from 
steep  slopes  from  which  the  rain  water  freely  escapes.  Probably 
level  areas  of  sand  or  gravelly  soils,  nearly  or  quite  devoid  of 
vegetation,  will  give  the  best  results. 

I  am  well  aware  of  the  difficulty  that  surrounds  any 
attempt  to  define  the  boundary  within  which  the  percolated 
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waters  will  reach  any  proposed  works.  Experience  so  far  has 
been  largely  of  the  cut  and  dry  character,  and  is  Ukely  to  be  so 
for  some  time  to  come.  Wells  are  sunk  20  or  30  feet  and  pump- 
ing commenced ;  if,  after  a  time,  the  supply  seems  to  be  insuf- 
ficient, tubes  are  driven  down  some  times  several  hundred  feet, 
and  some  times  into  the  underlying  rook,  or  other  expedients  re- 
sorted to. 

I  think  in  many  cases,  however,  it  is  possible,  from  an 
observation  of  the  relative  elevations  of  the  wells  and  springs  of 
a  territory,  to  get  a  fair  idea  of  the  area  which  will  be  drained 
by  any  proposed  works,  particularly  if  the  underlying  rock 
formations  are  lying  in  level  beds. 

The  best  construction  will  be  indicated  by  a  knowledge  of 
the  general  geological  and  topographical  conditions  which  are 
found  in  any  given  locality,  together  with  a  knowledge  of  the 
quantity  of  water  desired.  If  only  a  small  quantity  will  answer, 
the  ordinary  well  of  30  or  40  feet  diameter  may  answer,  if  the 
location  is  favorable. 

Often  good  results  may  be  secured  where  the  superficial 
deposits  are  of  considerable  depth,  by  sinking  6  or  8  inch  tubes 
into  the  deep  lying  beds  of  gravel,  the  lower  sections  of  the  tubes 
being  properly  prepared  for  the  admission  of  water. 

Where  the  rock  is  too  near  the  surface  to  admit  of  this, 
open  wells  sunk  at  a  considerable  distance  apart,  say  1000  or 
2000  feet,  and  properly  connected  with  a  suitable  conduit,  will 
aflTord  good  results,  or  the  same  end  may  be  reached  with  a  low 
lying  tunnel  or  gallery  of  pervious  masonry,  as  at  Columbus, 
Ohio. 

The  important  thing  is  to  so  construct  as  to  command  the 
largest  area  of  drainage  possible,  aad  this  is  much  better  done 
with  a  tunnel  or  gallery  of  great  length,  than  with  a  well  of 
great  diameter. 

It  is  a  mistake  to  suppose  that  if  a  well  of  20  feet  diameter 
yields  a  certain  amount,  that  one  of  40  feet  diameter  will  yield 
four  times  as  much  :  It  is  a  mistake  to  suppose  that  if  a  gallery, 
tunnel  or  system  of  connected  wells  yields  a  certain  amount, 
that  a  system  draining  four  times  the  area  will  not  yield  four 
times  as  much  water,  if  the  conditions  are  similar  in  both  cases. 


The  following  letter  was  here  read  by  the  Secretary : 

DISTRICT  OF  COLUMBIA,  \ 
Washington,  June  25th,  1887.     J 

J.  II.  Decker,  Secretary  American  Water  Works  Association  : 

Dear  Sik  : — I  have  your  notifications  of  the  meeting  of 
the  Water  Works  Association,  on  July  13th,  14th  and  loth,  and 
regret  that  it  will  be  impossible  for  me  to  attend. 

I  have  not  been  unmindful  of  the  fact  that  I  was  to  prepare, 
if  possible,  a  paper  on  the  subject  of  Public  Water  Supply,  and 
have  sought  to  discharge  this  duty,  in  order  so  far  as  might  be 
to  forward  the  purpose  of  the  Association. 

I  am  forced  to  abandon  this  intention,  not  only  by  reason 
of  the  great  press  of  public  business  upon  me,  but'  because  for 
the  past  month    my    time   and  attention  have  been  entirely 
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diverted  by  reason  of  the  serious  illness  of  my  mother,  whose 
recent  demise  has  not  even  yet  left  me  any  more  time  at  my 
disposal  than  suffices  to  keep  up  the  work  of  my  office. 

While  my  present  sphere  of  duty  has  removed  me  from 
the  immediate  superintendence  of  water  suppl3%  it  still  consti- 
tutes one  of  the  branches  of  the  District  Government  of  which 
I  have  direction,  and  the  general  subject  itself  is  one  which  will 
always  possess  perhaps  greater  interest  for  me  than  any  other. 

I  could,  no  doubt,  furnish  a  paper,  but  in  the  absence  of 
opportunity  to  give  the  subject  due  thought  and  consideration, 
I  should  feel  that  I  would  not  be  able  to  do  either  myself  or  the 
Association  justice  in  submitting  a  hastily  written  communi- 
cation. 

I  regret  that  such  is  the  fact  and  that  it  will  be  impossible 
to  meet  the  other  gentlemen,  but  beg  to  assure  you  of  my  sincere 
interest  in  its  welfare  and  advancement. 

Very  truly  yours, 

WILLIAM  LUDLOW. 

The  Secretary  then  read  a  paper  by  H.  F.  Dunham, 
as  follows  : 


PRIVATE  WATER   COMPANIES. 

THEIR   RELATION   TO   MUNICIPATj    AUTHORITIES   AND  THE 
PUBLIC. — BY  H.   F.   DUNHAM. 

No  oue  could  attempt  to  prepare  a  paper  upon  a  subject  so 
important  as  the  one  assigned  to  me,  without  feeling  a  strong 
desire  to  know  something  about  the  work  of  those  men  who 
were  the  first  to  undertake  the  construction  of  water-works  with 
private  capital,  and  who  doubtless,  without  suspecting  it,  intro- 
duced for  their  own  success  new  opportunities  for  the  exercise 
of  judgment  and  skill  in  providing  pure  water  for  the  pubhc 
good.  Not  wholly  out  of  place  here  would  be  a  paper  devoted  to 
a  description  of  the  works  established  in  I08I,  b}^  Peter  Maurice, 
who  rented  the  first  pier  of  London  bridge  for  five  hundred  years 
at  ten  shillings  per  annum,  and  the  next  season  brought  out  the 
mayor  and  aldermen  to  see  laim  throw  water  over  St.  Magnus' 
steeple,  "  the  Uke  of  which  had  never  been  seen  in  all  London 
before,"  and  the  like  of  which  was  not  seen  where  promised  in 
some  of  our  own  cities  three  hundred  years  afterwards.  It 
would  also  be  interesting  to  turn  over  the  pages  of  some  musty 
volumes,  and  make  notes  concerning  "  these  plugs,  which  are  no 
sooner  opened  than  there  are  vast  quantities  of  water."  And 
"  this  plenty  of  water  has  been  attended  with  another  advantage ; 
it  has  given  rise  to  several  companies  to  insure  houses  and  goods 
from  fire;  another  advantage  which  is  not  to  be  met  with  in  any 
other  nation  on  earth."  A  Uttle  careful  study  might  make  it 
clear  that  the  private  water  company  and  the  municipal  authori- 
ties were  the  happy  parents  of  our  modest  and  thrifty  fire 
insurance  company,  but  there  are  those  better  fitted  for  such 
investigations,  and  I  trust  they  may  be  pursued  by  some  member 
at  a  future  meeting,  when  it  is  to  be  hoped  the  necessity  for 
reference  to  what  is  being  done  in  our  own  land  may  not  be  as 
great  as  it  is  now. 
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A  large  and,  I  think,  an  increasino;  proportion  of  the  mem- 
bers of  this  Association  are  the  superintendents  of  private  com- 
panies. Some  are  in  charge  of  works  that  were  well  designed 
and  carefully  constructed,  and  others  in  charge  of  works  about 
which  fewer  good  words  can  be  said.  Any  discussion  of  the 
causes  that  operated  to  produce  in  one  instance  a  good  plant,  and 
in  another  a  very  poor  one,  will  be  of  interest  to  you  all,  and  of 
such  causes  or  influences  it  could  easily  be  shown  that  those  ttrst 
exerted  are  likely  to  be  the  most  potent.  To  this  class,  including 
the  early  negotiations  between  jirivate  companies  and  the 
authorities  of  cities,  this  paper  will  be  limited. 

In  order  to  be  more  easily  understood,  and  because  I  like 
the  inductive  method,  of  which  an  excellent  example  was  set  for 
me  last  season  by  one  of  your  members,  I  will  beg  your  attention 
to  conditions  that  are  liable  to  be  met  with,  merely  assuring  you 
that  I  have  not  the  creative  genius  of  Cervantes,  and  that  I  Avill 
not  lead  you  to  a  pioneer  city  with  a  boom  from  which  anything 
ridiculous  might  be  expected. 

You  may  call  to  mind  a  city  of  three  or  four  thousand 
Inhabitants,  pleasantly  located  upon  a  terrace  overlooking  a 
river  into  which  a  small  creek  flows.  Within  a  radius  of  a  mile 
or  two  there  are  two  or  three  beautiful  lakes.  Good  water  power 
and  railway  facilities  are  available,  and  the  city  and  surround- 
ing country  are  in  a  prosperous  condition. 

At  a  September  council  meeting  a  stranger  appears  who 
says  the  city  is  large  enough  to  have  water  works,  and  mentions 
two  or  three  towns  where  works  have  just  been  built.  The 
mayor  has  for  some  time  thought  his  city  needed  works  ;  several 
members  of  the  council  have  expressed  the  same  opinion,  and  all 
see  the  force  of  one  point  made  by  the  stranger.  Up  to  that  time 
water  works  had  never  been  built  in  their  city,  and  might  never 
be  built  unless  he  (the  stranger)  built  them  at  once.  He  would 
take  water  from  the  creek.  It  was,  curiously  enough,  supplied 
from  springs.  He  asks  to  have  them  appoint  a  committee  to 
report  at  a  special  meeting,  as  his  visit  must  be  short.  Here  let 
me  introduce  the  official  record  of  the  special  meeting. 

"  Hon.  A.  B.  C.  submitted  the  report  of  the  committee 
appointed  to  examine  the  creek  and  its  sources.  As  to  the  purity 
of  the  water  there  was  no  doubt  in  the  minds  of  the  committee ; 
as  to  its  volume  they  would  not  commit  themselves,  but  merely 
submit  measurements  of  the  springs  in  full,  as  follows : 

Spring  Xo.  1,  20  inches  wide  and  4  inches  deep.  Nos.  2  and 
3  each  12  inches  wide  and  2  inches  deep.  No.  4,  24  wide  and  6 
deep.  No.  5,  16  wide  and  6  deep.  No.  6,  24  wide  and  4  deep, 
and  No.  7,  14  inches  wide  and  2  Inches  deep." 

You  will  observe  that  no  reference  to  velocity  is  included, 
and  doubtless  it  was  not  thought  of  by  the  committee.  Had 
they  given  weir  measurements,  spring  No.  4  was  flowing  one  and 
a  half  million  gallons  per  day.  They  simply  cross-sectioned  so 
much,  more  or  less,  stagnant  water.  But  to  go  on  with  the 
record : 

"Dr.  D.  E.  F.  addressed  the  council  upon  the  purity  of  the 
water  and  suggested  more  tune  to  consider  the  subject.  A 
spirited  discussion  followed,  which  developed  an  overwhelming 
sentiment  in  favor  of  Blank  creek  and  a  speedy  execution  of  a 
contract  for  the  erection  of  water  works." 
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The  stranger  departed  with  a  franchise  in  which  the  city's 
interests  were  undesirably  bound  up  for  thirty  years  or  more, 
and  althouo:h  he  mio^ht  succeed  in  disposing  of  it  and  securing 
through  others  the  erection  of  works,  the  probabilities  are  that  the 
company  willing  to  pay  the  largest  sum  would  build  under  it 
the  poorest  works  and  do  the  city  the  greatest  harm. 

But  it  may  be  urged  that  this  is  an  instance  of  contract 
making  without  competition,  and  for  that  reason  quite  excep- 
tional and  not  a  fair  illustration  of  actual  conditions. 

Let  us  turn  over  the  record — imaginary,  of  course — of  a 
larger  city,  population  six  thousand,  where  the  subject  of  water 
works  has  been  under  consideration  for  several  months,  and 
propositions  from  water  works  companies  have  been  solicited 
through  the  papers.  The  city  lies  upon  a  gentle  slope  in  the 
center  of  a  drainage  area  about  one-third  larger  than  the  area  of 
the  city  itself.  The  soil  is  a  compact  clay  resting  upon  limestone, 
and  the  wash  from  the  drainage  area  and  the  city  streets  form, 
in  a  wet  season,  a  small  brook  which  crosses  the  corporation  line 
through  some  low  ground.  Near  this  brook  an  old  resident  has 
an  inexhaustable  well.  We  will  also  assume  that  there  is  no 
suitable  source  of  supply  within  a  radius  of  three  miles. 

For  a  week  previous  to  the  date  of  opening  bids  there  hung 
in  the  council  chamber  a  large  map  of  the  city  showing  by  heavy 
lines  the  location  of  the  proposed  pipes,  and  bearing  in  one 
corner  an  inscription  Uke  this:  '^II)jdrants  eighty.  Total  pixie, 
nine  miles,  only  four  or  fire  miles  of  ivhich  need  he  of  full  size.^^ . 
It  is  further  understood  that  the  pumping  station  is  to  be  built 
upon  the  low  ground  and  within  the  city  Umits,  otherwise  it 
could  not  be  taxed  by  the  city. 

When  the  bids  are  opened  we  need  not  be  surprised  to 
find  that  each  competitor  proposed  to  take  water  from  the  point 
designated  by  the  city.  Two  of  the  bids  received  more  attention 
than  any  of  the  others.  They  named  substantially  the  same 
rentals  and  rates.  One  called  for  more  elaborate  and  expensive 
machinery,  and  the  other  for  a  better  pipe  system  and  a  large 
reservoir.  Works  constructed  under  bid" No." 2  would  cost  about 
§20,000  more  than  works  to  comply  with  bid  No.  1. 

The  representatives  of  the  two  companies,  each  with  a  few 
friends  in  the  council,  take  in  the  situation  at  a  glance.  They 
have  met  before  and  may  meet  again  in  another  city.  One  is 
not  quite  certain  but  he  described  a  larger  reservoir  than  the 
city  needs.  The  other  is  very  positive  that  the  city  needs  no 
reservoir  at  all.  They  work  together  with  a  common  purpose 
and  as  one  man. 

Just  here  let  us  imagine — as  no  such  thing  would  be  likely 
to  occur — that  one  bid  was  for  taking  water  from  a  reasonable 
source,  three  miles  away,  and  for  a  reasonable  rental.  There 
would  not  be  a  possibility  of  the  acceptance  of  such  a  bid.  The 
chances  are  ten  to  one  that  the  best  bid  ofTered  would  be  rejected 
and  that  city,  Uke  the  one  already  cited,  would  be  burdened  with 
a  franchise  in  which  it  requires  lio  engineering  or  other  ability 
to  read  future  mortality  statistics. 

I  know  that  when  errors  are  apparent  in  completed  works 
it  is  natural  to  cry  fraud  and  to  throw  the  w  hole  blame  at  some 
one's  feet,  but  this  paper  will  fail  in  its  purpose  if  it  does  not 
help  us  to  a  wider  and  in  one  sense  a  more  charitable  view.  The 
bad  and    the    indiflerent  works    established    throughout    the 
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country  are  but  the  natural  results  of  influences,  sentiments, 
business  and  unbusiness  relations,  which  could  only  be  changed 
very  slowly,  and  they  are  not  well  enough  understood  now  to 
enable  anyone  to  foresee  or  limit  the  absurdities  to  which  they 
may  give  rise. 

So  long  as  municipal  authorities  are  .profoundly  ignorant 
or  culpably  indifferent,  it  may  be  expected  that  some  one  will  be 
ready  to  secure  a  seeming  advantage.  To  educate  and  interest 
such  bodies,  changed  as  they  are  by  every  political  breeze,  and  by 
every  other  breeze,  is  equivalent  to  educating  and  interesting 
the  whole  community.  Turning  to  private  companies,  there  is 
more  to  encourage  us.  Their  standard,  although  advanced 
by  their  own  efforts  chiefly,  is  being  advanced.  From  an 
attempt  to  make  the  best  possible  trade,  up  to  a  determination 
to  build  only  such  works  in  any  city,  as  that  city  ought  to  have 
built,  is  a  long  step  forward,  and  one  that  was  not,  or  will  not 
be,  quickly  made. 

In  the  meantime,  which  is  now,  anj'  safeguards  that  will 
help  to  diminish  the  number  of  ill-assorted  contracts  ought  to 
be  recognized,  and  that  heedless  parent,  the  State,  cannot  be  too 
severely  criticised  for  neglecting  to  provide  and  furnish  to  every 
city  within  her  borders  such  general  directions  about  the  char- 
acter of  the  works  required  and  the  proper  source  of  supply,  as 
■would  go  far  to  ward  off  the  hasty  agreement  and  its  ruinous 
results.  In  the  absence  of  such  assistance  organized  individual 
labor  would  be  of  great  service.  Such  careful  work  as  that  done 
by  the  Appalachian  Club  in  topography  and  geology,  would  have 
no  less  to  commend  it  if  it  bore  a  still  closer  relation  to  the 
health  of  communities.  Just  how  much  should  be  undertaken 
by  scientific  men,  and  men  of  leisure,  by  chemists,  engineers  and 
others,  I  do  not  attempt  to  say,  and  I  urge  nothing  unprofessional, 
although  I  believe  that  no  man's  opportunities  are  lessened  by 
the  patient  accumulation  of  facts  and  the  intelligent  use  of  them. 
We  know  that  when  water  rises  into  the  atmosphere  it  is  watched 
by  a  hundred  men,  and  very  properly  too,  in  its  course  from 
Puget's  Sound  to  Eastport,  if  it  goes  so  far,  but  after  it  falls  to 
the  ground  it  receives  too  little  notice,  unless  its  shadow  darkens 
the  page  of  some  physician's  journal.  In  the  years  before  us 
this  must  be  changed. 

Mr.  Pond  having  failed  to  present  his  paper  entitled, 
"  Ee volution  Counters,"  the  subject  was  opened  for 
informal  discussion. 

Me.  Gardner  : — At  the  Denver  meeting  I  made  the 
statement  that  New  Orleans  was  pumping  fourteen  million 
gallons  per  day,  and  I  believed  at  the  time  that  it  was 
correct,  but  I  have  since  ascertained  that  the  pumping  at 
I^ew  Orleans  did  not  average  over  nine  millions,  or  perhaps 
ten  million,  gallons,  but  the  record  showed  fourteen  millions. 
(Quoting  from  his  Denver  speech :) 

"  If  the  superintendent  were  owner  of  the  works  he 
wonld  probably  lock  up  the  revolution  counter  and  keep 
the  record  himself.    This,  or  he  would  have  a  tried  and 
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faithful  custodian,  such  as  lie  would  trust  wdth  his  life  or 
with  uncounted  gold.  Without  going  further  in  details, 
does  it  not  seem  that  under  some  circumstances  an  engine 
record  may  be  a  document  of  very  uncertain  value,  and 
quite  questionable  as  a  basis  for  any  accurate  calculations  ? 
I  frankly  say,  that  as  excepting  to  the  past  eighteen 
months,  I  value  my  engine  record  for  the  i>ast  five  years 
simply  as  a  basis  for  fairly  accurate  guess  work  of  the 
Captain  Cuttle  order.  I  wonder  how  many  more  water 
works  officials  could,  if  they  would,  confess  to  a  similar 
experience  ?''  I  think  I  am  a  little  better  fixed  now  at  New 
Orleans,  as  I  have  a  trusty  young  engineer,  and  to  him  is 
given  the  key  to  the  revolution  counter. 

I  simply  make  these  remarks  to  give  you  my  views, 
and  I  would  like  to  hear  other  members.  I  want  to  know 
what  guarantee  a  superintendent  has  that  the  amount  of 
water  pumped  is  equal  to  or  the  »ame  as  that  recorded 
by  the  revolution  counter,  or  whether  you  employ  a 
counter  at  all. 

Me.  Peaesons  : — Do  you  hold  the  engineer  respon- 
sible for  the  fuel  ? 

Me.  Gaednee  : — Yes,  sir. 

Me.  Beiggs  ; — I  do  not  see  what  earthly  object  the 
engineer  would  have  in  fooling  with  the  counter. 

Me.  Peaesons  : — INly  experience  with  revolution 
counters  is  that  it  is  hard  work  to  make  a  man  take  care 
of  them.  When  mine  wear  out  the  engineer  fixes  them. 
I  never  had  any  doubt  of  his  honesty  about  fuel,  and  do 
not  think  he  got  away  with  any;  there  may  be  engi- 
neers that  would  do  a  thing  of  that  kind,  but  I  do  not 
think  they  are  very  plenty.  I  do  not  see  that  they  would 
have  any  very  great  interest  in  meddling  with  the  counter, 
it  may  be  that  some  do,  in  that  case  it  would  be  very  well 
to  keep  your  eyes  open.  There  are  a  half  a  dozen  ways 
of  monkeying  with  the  revolution  counter ;  but  I  do  not 
think  from  the  experience  I  have  had  that  the  engineer 
would  go  back  on  the  counter,  there  is  more  danger  of 
the  counter  going  back  on  him.  We  have  ours  repaired 
frequently.  As  a  general  thing  engineers  do  not  pay  as 
much  attention  to  their  counters  as  they  should. 

Me.  Gaednee  : — To  an  engineer  who  is  called  upon 
frequently  to  supervise  his  fire  and  see  that  it  is  attended 
to  regularly  and  properly,  there  is  a  temptation  to   do 
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something  of  this  sort.  Now  the  question  is  what  is  to 
be  done  in  a  case  of  this  kind  ?  If  the  counter  has  been 
tampered  with  you  cannot  rely  upon  it. 

Mr.  Harrison  : — I  wish  to  say  that  counters  will  lie, 
in  this  regard :  if  there  is  any  slippage  in  your  pumps 
there  is  nothing  sure  about  the  revolution  counter.  In 
some  the  slippage  is  enormous,  in  others  it  is  very  small. 
In  that  way  I  can  see  that  the  revolution  counter  will  lie 
wonderfully.  Sometimes  the  engineer  will  pick  open  the 
counter  if  he  has  no  key.  My  engineer  did  that  for  me 
on  one  or  two  occasions,  and  when  he  did  he  got  his 
walking  papers.  He  can  take  his  lingers  and  make  several 
revolutions  for  one.  Sometimes  the  engineer  may  be 
honest  and  the  counter  lie. 

Mr.  Briggs  : — I  find  that  the  average  engineer  gets 
entirely  too  lazy  to  do  anything  of  that  kind  with  his 
fingers.    It  is  too  much  like  work. 

Mr.  Bergstroji: — I  find  the  counter  all  right,  if  it 
has  not  been  tampered  with,  and  has  been  kept  in  good 
order.  If  it  is  not  kept  in  order,  of  course  it  is  not 
reliable. 

Mr.  Chandler  : — For  myself,  I  do  not  think  count- 
ers lie.  I  do  not  think  they  will  lie  as  quick  as  the  pump 
will.  If  there  is  a  leakage,  that  cuts  no  figure  with  the 
counter;  the  pump  is  to  blame,  or  the  man  who  has  it  in 
charge.    The  pump  lies,  but  the  counter  does  not. 

The  party  who  is  in  charge,  of  course,  is  to  blame  if 
it  does  not  give  a  true  count ;  but  if  he  relies  upon  the 
counter  and  knows  his  pump  is  in  good  order,  I  do  not 
see  that  anybody  is  to  blame.  They  must  have  watching 
as  well  as  anything  else. 

I  have  one  that  has  been  run  for  16  years  and  it  is  in 
good  running  order  to-day. 

Mr.  Pearsons  : — Mr.  President,  this  question  of  the 
slippage  of  water  past  the  plungers  is  a  very  important 
one,  and  one  this  meeting  ought  to  consider.  There  seems 
to  be  no  paper  upon  it. 

My  experience  with  plungers  is  that  there  is  a 
tendency  to  leak  under  very  heavy  pressure.  Our  plungers 
began  to  leak,  and  they  soon  got  to  leaking  so  fast  as  to 
be  ruinous. 

Mr.  Beach  : — I  think  this  question  of  the  slipping 
of  plungers,  or  the  slip  of  water  past  the  plungers,  is  of 
sufficient  importance  to   come  up  as  a  separate  topic, 
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After  passing  through  the  regular  order  of  business,   I, 
for  one,  would  like  to  see  the  question  taken  up.     I  think 
that  would  be  proper.    I  would  like  to  see  a  good  talk  on 
the  subject,  one  that  would  afford  some  information. 
The  Secretary  here  read  a  paper,  entitled 


BECOEDING  PRESSURE  GAUGES. 

BY  CHAS.   A.   HAGUE. 

The  element  of  force  or  pressure,  in  the  development, 
transmission  and.  utilization  of  power  or  energy  in  the  various 
industries  and  demands  of  the  world,  is  a  very  vital  one,  and 
the  control  and  regulation  therefore  of  pressure,  to  serve  our 
purposes  with  the  utmost  economy  and  convenience,  assumes 
an  importance  which  can  only  be  appreciated  by  observing  the 
enormous  loss  resulting  from  the  spasmodic  fluctuations  very 
often  noticeable  in  steam  pressures  ;  not  only  as  far  as  the  effects 
of  variable  pressures  are  concerned,  but  equally  in  the  direction 
of  waftte  produced  by  the  conditions  necessary  to  cause  the  un- 
steady pressures.  The  main  point  in  prosecuting  any  sort  of 
enterprise  is  to  know  just  what  we  are  doing  ;  as  from  that  we 
can  tell  just  what  to  do.  In  operating  steam  plants,  especially 
steam  plants  for  pumping  Nvater  for  public  supply,  economy  in 
money  is  the  factor  to  be  looked  to.  Now  by  this  it  is  not  meant 
to  be  inferred  that  a  narrow  financial  policy  is  to  be  advocated, 
but  rather  the  idea  that  for  any  certain  amount  of  total  expense 
per  annum,  the  greatest  returns  may  be  realized.  A  happy 
medium  is  the  true  line  to  follow,  for  it  will  be  seen  that  a 
scarcity  of  appliances  or  inefficiency  of  management  will  cripple 
the  works,  "while  extravagant  ideas  in  one  direction  will  produce 
waste  in  others.  Therefore,  it  must  be  an  obvious  proposition 
that  to  run  a  water  works  plant  to  the  utmost  usefulness,  a  good 
cool  head  must  know  all  about  what  is  going  on.  Of  course  this 
proposition  extends  out  on  various  lines,  but  it  is  proposed  to 
confine  it  in  this  paper  to  the  consideration  of  pressures,  both 
steam  and  water  ;  the  subject  naturally  dividing  itself  into  these 
two  parts. 

A  great  deal  of  money  that  should  appear  upon  the  satis- 
factory^ side  of  the  balance  sheet,  but  does  not,  is  absorbed  by 
repairs  and  losses  which  need  onlj^  be  traced  to  their  cause,  to  be 
prevented.  Disputes  as  to  how  quickly  a  fire  alarm  was 
responded  to,  and  as  to  how  high  the  pressure  rose,  are  of  fre- 
quent occurrence.  The  attendants  at  a  pumping  station,  who 
know  that  a  good  recording  gauge  is  on  guard  in  the  office  of 
the  superintendent  or  chief  engineer,  out  of  their  reach,  are  very 
certain  to  not  only  do  their  best,  but  also  to  take  a  pride  in  mak- 
ing a  good  record  which  cannot  be  disputed.  It  occurs  to  the 
writer  that  a  comparison  of  such  records  at  these  meetings 
would  be  conductive  of  improvement,  lead  to  enquiries  as  to 
whj'  such  a  water  works  does  so  much  better  than  such  others, 
and  would  induce  that  diving  into  matters  which  is  the  only 
way  that  a  knowledge  really  worth  anything  is  acquired.  The 
recording  gauge  holds  within  its  potent  grasp  an  entire  encyclo- 
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pedia  of  information  concerning  fuel,  grate  bars,  boilers, 
chimneys,  dampers,  steam  pipes,  engines,  suction  pipes,  force 
mains,  fire  service,  hydraulic  elevators,  firemen,  engineers, 
superintendents,  etc.,  etc. 

First,  with  regard  to  recording  gauges  as  applied  to  steam 
pressure ;  there  are  plenty  of  competent  firemen,  ready  and 
willing  to  attend  to  their  duties,  but  with  whom  it  is  an  impera- 
tive condition  that  they  be  thoroughly  acquainted  with  the 
demands  made  upon  the  boilers  under  their  charge.  Evidence 
in  the  shape  of  a  continuous  record  of  the  results  of  a  man's 
efforts,  and  the  knowledge  that  this  record  is  being  produced 
completely  outside  of  his  power  to  manipulate  it,  can  have  just 
one  effect  out  of  two,  either  the  fireman  must  give  up  his  position 
or  do  what  is  required.  And  this  is  not  a  hardship,  for  steam 
boilers  proportioned  to  their  work  are  easily  enough  attended  to 
by  any  fireman  worthy  of  the  name.  The  better  the  men,  the 
more  they  want  to  know  what  they  are  doing,  and  ihey  take  a 
pride  in  doing  their  best  when  it  is  known  and  seen.  Attention 
to  duty  and  economy  of  fuel  are  co-incident  factors  as  each 
secures  the  other.  In  spite  of  all  so-called  automatic  devices  for 
securing  uniformity  in  the  performance  of  steam  machinery, 
a  steady  steam  pressure  in  the  boilers  is  more  important  than 
any  single  item  involved.  In  a  flouring  or  cotton  mill,  for 
example,  an  absolutely  steady  steam  pressure  would  enhance 
the  value  of  the  automatic  cut-oflf"  engine,  enable  it  to  control  the 
varying  load  with  greater  exactness,  and  produce  a  closer  uni- 
formity in  the  product.  Nearly  all,  if  not  quite  all,  demands  on 
a  steam  boiler  may  be  reduced  down  to  a  single  proposition,  viz  : 
with  a  steady  steam  pressure,  equal  to  the  maximum  wants,  all 
demands  are  confined  to  the  varying  quantities  of  steam. 
Therefore,  it  follows,  that  to  obtain  economy  in  fuel,  close  atten- 
tion to  duty,  the  best  performance  of  macliiuery,  avoidance  of 
explosions,  damage  and  repairs,  keep  your  steam  pressure  as 
nearly  absolutely  uniform  as  practicable.  Wonders  can  be 
produced  in  this  line  by  proper  attention  and  a  knowledge  of 
what  has  been  done,  what  is  wanted,  and  what  can  be  done. 
If  your  boilers  are  not  adapted  to  their  work,  remedy  the 
difficulty  ;  but  you  must  find  out  the  trouble  first. 

If  safety  valves  are  supposed  to  be  set  at  any  certain 
pressure,  you  can  never  tell  whether  they  have  been 
tampered  with,  or  whether  they  failed  to  blow  off  when  that 
pressure  was  exceeded,  or  how  many  times  a  day  or  night 
your  boilers  have  been  exposed  to  an  excess.  There  are  more 
things  happen  to  boilers  at  night,  when  they  are  supposed 
to  be  under  low  pressure,  or  when  the  pressure  is  supposed  to 
gradually  fall  to  zero,  than  people  are  aware  of.  If  a  careless 
fireman  keeps  up  his  fires  too  strong  towards  stopping  time, 
when  the  machinery  is  brought  to  rest  the  heated  bricks  in  the 
boiler  setting  walls  will  run  up  the  steam  pressure  sometimes 
far  above  the  regular  working  point ;  and  if  a  blowing  safety 
valve  would  betray  such  a  state  of  things,  the  moving  out  of  the 
weight  will  prevent  the  blowing,  even  if  it  does  finally  ruin  the 
boiler.  A  good  recording  gauge  will  completely  expose  such 
practice,  and  not  only  that,  it  will  sound  an  alarm  at  the  precise 
moment  the  limit  of  pressure  is  reached.  Doing  a  thing  right 
may  be  acquired  as  a  habit,  and  actually  less  labor  is  involved 
than  in  doing  it  wrong,  but  of  course  it  is  absolutely  necessary 
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to  know  what  is  going  on  to  shape  one's  course.  If  you  know 
all  about  the  pressure  carried  in  the  boilers  at  all  times,  and  if 
your  engineer  and  fireman  know  that  this  information  is  upon 
your  desk,  you  may  depend  upon  it  that  half  the  work  of  obtain- 
ing the  best  results  is  done,  not  from  fear  upon  their  part,  but 
hecause  they  know  you  take  an  interest  in  what  they  are  doing. 
If  your  boilers  or  machinery  are  not  what  they  ought  to  be,  the 
men  are  not  to  blame,  but  you  will  be  put  upon  the  high  road  of 
learning  what  the  matter  is.  lieaks  and  consequent  repairs  of 
boilers  and  pipes  are  almost  always  caused  by  abuse,  which  is 
invariably  denied  in  the  absence  of  evidence  to  locate  it.  One 
of  the  hardest  kind  of  hard  facts  in  boiler  explosions  is  that 
they  are  mostly  caused  by  over  pressure,  and  over  pressure, 
whether  sudden  or  gradual,  is  nearly  always  eauned  by  careless 
habits  in  working  boilers. 

The  engine  is  responsible  only  for  the  steam  it  receives, 
but  the  fireman  is  responsible  for  the  amount  of  coal  required  in 
producing  the  steam;  it  has  been  demonstrated  to  be  possible  to 
get  away  with  a  third  more  coal  than  is  necessary  to  produce  the 
power  required,  simply  by  departing  from  the  practice  of  correct 
firing.  The  fuel  should  be  burned  down  to  a  proper  point  so 
that  the  furnace  will  not  gradually'  fill  up  with  unconsumed 
coal ;  the  first  thing  a  green  fireman  does  is  to  gradually  get  his 
furnaces  filled  up  with  coal,  working  oftener  and  harder  than 
necessary.  If  a  number,  say  four  or  six  doors,  are  to  be  fired 
into,  each  should  be  fired  separately,  with  an  interval  between, 
regulating  the  damper  to  correspond,  and  keeping  the  water  at 
the  same  Jevel  in  the  boilers.  Fireing  is  much  easier  work  when 
properly  understood  and  manipulated.  iSome  men  will  fill  a 
furnance  full  of  coal  so  as  to  have  more  time  to  walk  around  ; 
up  goes  the  steam  pressure,  because  more  heat  is  generated  than 
is  wanted,  then  the  feed  water  is  turned  on  and  the  water  level 
is  run  up  so  as  to  keep  the  steam  pressure  down,  the  safety 
valves  blow,  or  they  may  not  blow.  The  dampers  are  closed,  the 
fires  smoulder,  lai-ge  quantities  of  carbonic-oxide  gas  go  up  the 
chimney,  which  is  simply  an  escape  of  unconsumed  fuel  not 
wanted  at  the  moment ;  after  a  while  the  fires  burn  lower  and 
down  goes  the  steam  pressure,  helped  down  by  a  fresh  furnace 
full  of  coal,  the  feed  water  is  turned  off  and  the  water  level 
run  down  to  help  the  steam  up.  Imagine  the  final  effects 
upon  boilers  used  in  such  a  manner,  and  also  imagine  how 
such  an  outrage  can  be  perfectly  exposed  and  prevented  by  a 
constant  unerring  record  of  what  takes  place  every  minute  of 
the  day  and  night.  The  position  of  fireman  may  be  considered 
an  humble  one  by  some  folks,  but  he  is  a  man  for  all  that,  and 
his  pride  of  what  he  can  do  is  a  stronger  spur  than  anything  else. 
Let  him  see  that  you  care  for  what  he  is  doing,  and  take  a  careful 
interest  in  his  work  ;  let  him  understand  that  his  own  grading 
depends  upon  himself  as  established  by  his  record.  You  must 
pay  him  what  he  is  worth,  that  is  beyond  your  control  and  his  ; 
you  may  vary  the  wages,  out  you  will  also  vary  the  firemen  ; 
you  can  squirm  all  you  please  but  you  can  not  get  more  than  a 
dollar's  worth  for  a  dollar.  The  recording  gauge  is  the  arbitrator, 
you  will  both  be  bi  ought  to  account  by  it. 

The  mistake  under  which  many  people  labor,  that  they 
need  no  such  record  as  a  recording  gauge  will  give,  can  be  very 
quickly  corrected  by  means  of  the  charts  which  such  an  instru- 
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ment  produces.  The  items  alone  of  steam  rumimg^  up  above 
normal  pressure  at  night,  and  the  inefflciencj'  of  safety  valves 
implicitly  trusted,  would  be  found  to  be  very  numerous  if  looked 
into.  When  the  chart  shows  a  greater  pressure  than  it  has 
been  determined  to  carry,  something  is  wrong  that  can  be 
remedied.  When  the  chart  shows  considerable  periods  of  steam 
pressure  below  an  economical  point,  either  tlie  boiler  or  engine 
is  not  what  it  should  be,  or  else  the  fireman  is  incompetent,  in 
either  event  money  is  going  to  waste  that  can  be  saved  by  a 
knowledge  of  the  facts,  and  we  would  have  no  suspicion  even 
of  the  deticieucy  without  the  record. 

The  practical  value  of  this  steam  record  consists  in  its 
compelling  the  fireman  to  give  close  attention,  and  to  exercise 
care  and  intelligence  in  firing,  to  maintain  that  uniformity  of 
water  level  in  the  boilers,  witnout  which  the  best  results  can 
not  be  obtained.  Although  absolute  uniformity  of  steam 
pressure  can  not  be  had,  still  the  margin  of  fluctuation  can  be 
held  within  very  close  limits,  as  is  attested  every  day. 

The  consideration  of  water  pressure,  as  shown  by  the 
recording  gauge,  involves  the  perlbrmance  of  the  pumping 
machinery,  so  that  having  briefly  considered  the  economy  and 
usefulness  of  steady  steam  pressure  at  the  boilers,  we  will 
assume  that  we  can  have  i^ractically  uniform  steam  pressure  at 
the  engine.  Of  all  steam  machinery,  a  pumping  engine  to  do  its 
best  must  have  uniform  steam  pressure;  and  in  every  day  work  the 
economy  in  the  use  of  steam,  the  ease  with  which  it  will  meet 
varying  demands  and  handle  its  load,  must  be  seen  to  be  fully 
realized. 

Water  works  service  in  cities  may  be  divided  into  two 
grand  divisions ;  one  in  which  the  pressure  in  the  mains  is 
supposed  to  be  constant,  the  other  in  which  the  pressure  is  held 
at  a  certain  point  for  domestic  supply,  and  the  pressure  increased 
in  case  of  fire.  In  either  case  absolute  uniformity  of  water 
pressure  under  any  certain  conditions  aimed  at  is  to  be  desired. 
In  gra^'ity  works,  of  course,  the  item  of  friction  in  pipes  as  set 
forth  by  the  relation  between  supply  and  demand,  is  the  principal 
disturbing  element ;  a  recording  gauge  attached  to  the  mains 
leading  to  any  district  will,  in  the  course  of  a  short  time,  show 
conclusively  whether  the  pipes  are  large  enough  or  not,  or  will 
locate  any  trouble  in  the  shape  of  water  hammer  or  in  the  matter 
of  obstruction  to  flow,  from  whatever  cause.  Where  pumping 
machinery  is  depended  upon  in  i^art  or  entirely,  it  is  not  too 
strong  to  say  that  a  recording  gauge  is  weU  nigh  indispensable 
for  the  best  or  even  good  results.  A  recording  gauge  chart 
shows  the  water  pressure  at  any  and  all  times  during  the  hours 
it  is  on  duty.  Fluctuations  in  i^ressure  to  any  amount  and  from 
any  cause,  are  faithfully  portrayed :  any  usual  or  unusual 
variations  in  pressure  are  detected  at  once.  Any  failure  in  fire 
service  giving  rise  to  disputes  as  to  pressure,  time,  etc.,  etc., 
can  be  readily  settled  as  far  as  the  pressure  is  concerned  by 
simply  referring  to  this  impartial  monitor.  The  chart  showing 
the  precise  moment  the  pressure  was  increased  in  response  to 
the  alarm,  how  long  and  how  steadily  it  was  maintained,  and 
when  it  was  reduced  again  to  the  domestic  requirements.  Fires 
sometimes  occur  on  lines  of  pipe  far  from  the  pumping  station, 
and  although  the  record  shows  a  prompt  compliance  with  the 
alarm  not  to  be  disputed,  the  failure  to  get  efficient  fire  streams 
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indicates  clearly  that  either  some  obstruction  intervenes,  or  else 
the  pipes  are  not  of  suiflcient  capacity  at  the  point  required. 
Some  times  too  many  streams  are  attempted,  instead  of  a  few 
good  ones,  double  the  number  of  poor  ones  are  used  ;  a  fire 
stream  must  be  ao^gressive,  and  go  in  force  just  where  it  is 
wanted.  The  floors  are  the  last  places  that  burn  in  a  building, 
and  water  just  spilled  in  on  the  floors  does  not  do  much  direct 
good,  whereas  a  stream  with  dash  to  it  and  able  to  go  searching 
up  under  the  ceilings  and  among  timbers,  will  be  pretty  apt  to 
do  some  business.  The  api^lication  of  a  recording  gauge  at 
various  points  will  soon  determine  the  speediest  and  cheapest 
manner  of  remedying  the  difficulty.  The  presence  of  a  water 
hammer,  caused  perhaps  by  a  dead  end  or  faulty  circulation, 
will  be  indicated  beyond  mistake  by  the  sharp  and  sudden 
raising  of  the  tell-tale  pencil.  The  sudden  fluctuation  of  water 
pressure  in  pipes  cannot  be  too  carefullj'  guarded  against,  as  it 
means  leakage  of  joints,  waste  of  water,  repairs  and  loss.  The 
water  wasted  costs  just  as  much  to  pump  as  the  water  used. 
The  writer  has  in  mind  a  water  works  system  on  the  reservoir 
plan,  under  a  pressure  of  about  120  pounds,  where  numerous 
house  boilers  commenced  to  give  out  that  uj)  to  a  certain  day  had 
seemed  strong  enough.  After  considerable  damage  had  been 
done  during  two  or  three  weeks,  it  was  discovered  that  the 
trouble  was  caused  by  water  ram,  the  result  of  a  connection 
having  been  made  for  water  for  locomotives,  and  the  valve 
closed  very  quickly  when  the  engine  tank  was  full.  The  appli- 
cation of  an  ordinary  water  pressure  gauge  graduated  up  to  300 
pounds,  developed  the  fact  that  the  static  head  produced  a 
pressure  of  120  pounds  at  the  point  of  draft ;  when  the  engine 
tank  was  being  filled  through  a  wide  open  (i-iuch  valve,  the 
pressure  fell  to  85  pounds,  and  when  the  valve  was  quickly 
closed,  as  it  always  was,  the  pressure  ran  up  to  considerably 
above  the  300  limit  of  the  gauge,  and  after  five  or  six  vibrations 
from  just  below  100  up  to  more  than  300,  the  pressure  gradually 
settled  down  to  120  again.  A  smaller  pipe,  an  air  chamber  and 
a  safty  valve  cured  the  trouble,  after  it  was  located.  A  good 
recording  gauge  would  have  rung  an  alarm  and  disclosed  the 
excessive  pressure  the  first  time  it  occurred,  saving  many  times 
its  cost.  Innumerable  instances  might  be  cited,  but  they  would 
only  exhibit  the  surprisingly  large  number  of  unforeseen  and 
unsuspected  occurrences,  possible  in  a  system  of  pipes  laid  in 
the  streets  of  a  city  for  water  works  purposes.  The  ordinary 
gauge  drops  away  and  then  comes  back  to  the  normal  pressure, 
or  raises  and  returns  again  to  the  regular  point,  but  who  sees  it? 
It  goes  through  the  same  fluctuations  as  the  recording  gauge, 
but  who  can  read  it?  or  realize  what  it  means,  until  it  is 
graphically  delineated  upon  a  chart  divided  off"  to  suit  the  hours 
of  the  day.  Even  exhibiting  when  and  for  how  long  each 
sprinkling  cart  was  drawing  water  ;  the  precise  moment  that  a 
pipe  burst,  and  how  long  before  the  fractured  pipe  was  shut  off" 
from  the  system ;  any  irregularity  in  the  operation  of  the 
machinery,  etc.,  etc. 

As  to  the  various  kinds  of  recording  gauges  before  the 
the  public,  principal  ones  are  the  Edson,  made  by  Jarvis  B. 
Edson,  New  York;  The  Ashcroft,  made  by  the  Ashcroft  Mfg.  Co., 
New  York  ;  The  Peerless,  made  by  the  American  Steam  Gauge 
(^o.,  Boston. 
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The  Edson  instrument  is  what  is  known  as  a  diaphragfol 
gauge,  while  the  Ashcroft  and  Peerless  are  constructed  upon  the 
Bourdon  bent  tube  principle.  The  Bourdon  instruments  are 
actuated  by  tubes  the  same  as  a  regular  steam  gauge  ;  a  small 
lead  pencil  being  attached  to  an  arm  operated  somewhat  similar 
to  the  index  of  the  gauge.  Th(>  pencil  traverses  the  paper  ruled 
to  represent  hours,  the  line  drawn  by  the  pencil  crossing  the 
hour  divisions  at  a  distance  from  the  starting  point  or  zero,  indi- 
cating the  pressure  ;  so  that  the  distance  of  the  line  from  zero  at 
any  point  between  or  at  the  hour  lines  indicates  the  pressure  at 
that  time.  In  the  Bourdon  instruments  the  charts  are  moved  by 
clock  work  through  a  period  of  twenty-four  hours. 

The  Edson  gauge  is  actuated  by  a  corrugated  diaphragm 
of  tempered  steel,  which  by  a  peculiar  and  ingenious  mechanism, 
moves  a  pencil  exactly  vertical,  and  at  the  same  time  sweeps  a 
regular  gauge  pointer  or  index  through  the  arc  of  a  circle 
graduated  to  show  the  pounds  pressure  per  square  inch.  The 
spring  arm  carrying  the  pencil  keeps  the  point  at  all  times 
against  the  paper,  while  appropriate  clock  work  moves  the  paper 
from  left  to  right  to  correspond  with  the  hours  of  the  day  or 
night  during  a  period  of  twenty-four  hours.  One  i^eculiariV  of 
the  Edson  gauge,  outside  of  its  twenty-four  hour  record,  is  that 
the  gross  pressure  upon  its  steel  diaphragm  on  one  hand,  and  the 
resistance  of  the  diaphragm  itself  on  tne  other,  contributes  to 
ver}^  great  steadiness  and  certainty  of  motion,  as  the  work  thus 
done  is  so  greatly  in  excess  of  any  effort  required  to  move  the 
recording  mechanism  that  the  instrument  is  practically  friction- 
less  ;  the  steadiness  of  its  pencil  line  attesting  the  value  of  this 
feature,  even  at  variations  of  the  pressure  to  the  slightest 
degree.  It  also  has  an  alarm,  operated  by  the  clock,  througli 
the  medium  of  an  adjusting  screw,  set  so  as  to  ring  a  small  gong 
in  the  instrument  at  any  determined  pressure  desired. 

In  closing,  it  may  be  of  interest  in  connection  with  this 
subject  to  note  Mr.  Edson's  successful  efforts  to  secure  four  test 
gauges,  graduated  up  to  300  pounds  per  square  inch.  He  con- 
structed a  mercury  column  of  ^  inch  heavy  hydraulic  wrought 
iron  pipe,  at  one  of  the  piers  of  the  Brooklyn  bridge,  then  in 
course  of  construction  in  1872.  The  column  was  carried  u])  to  an 
elevation  of  265  feet  above  the  point  of  observation,  it  being 
necessary  to  carry  the  pipe  up  on  to  the  derrick  then  at  the  top 
of  the  pier,  to  get  the  desired  elevation.  The  manner  of  dividing 
the  column  so  as  to  define  the  different  elevations  of  mercury 
exactly  was  peculiar,  and  consisted  in  laying  off'  the  pipe  with  a 
standard  steel  scale,  and  every  ten  feet  a  hole  one-sixteenth  of 
an  inch  in  diameter  was  drilled  and  plug-ged.  Days  of  the  same 
temperature  were  selected  for  the  experiments  after  the  column 
was  filled  with  pure  mercury  ;  the  levels  were  obtained  by  with- 
drawing the  plugs,  beginning  at  the  top  of  the  column  and 
letting  the  mercury  escape  down  to  each  ten  foot  level  success- 
ively. The  indications  were  recorded  upon  four  gauges  made 
with  plain,  full  Bourdon  tubes,  selected  for  the  purpose,  and 
with  ten  inch  dials.  This  mercury  column  was  the  highest  ever 
put  up  in  this  country,  and  probably  in  the  world  ;  the  gauges 
being  used  only  as  master  gauges,  are  probably  as  good  to-day 
as  when  made. 

There  are  matters  pertaining  to  the  uses  to  which  record- 
ing gauge  charts  may  be  put,  in  connection  with  steam  boilers, 


the  regulation  of  the  fires,  and  economy  of  fuel  in  the  fire  room, 
which,  although  not  exactly  foreign  to  the  subject,  would  extend 
this  paper  beyond  a  judicious  limit.  The  opportunity  may  arise 
for  a  further  extension  of  the  questions  involved  at  some  future 
time. 

Mr.  Pearsons  : — About  recording  pressure  gauges, 
when  one  lias  used  them  they  will  find  them  very  necessary 
and  very  essential.  Before  they  were  in  use  in  our  town  we 
had  a  good  deal  of  trouble,  every  once  in  a  while  com- 
plaint would  be  mide  that  at  a  certain  hydrant  they  had 
no  water  at  such  and  such  an  hour  of  the  day.  The  con- 
sumer, who  was  perhaps  inclined  to  be  unfriendly,  would 
say  that  it  was  lack  of  pressure  at  such  and  such  a  time. 
Now  the  recording  gauge  settles  that,  and  they  can  not 
come  it  over  you  in  that  way  now.  You  can  feel  secure 
in  your  slumbers,  even  while  you  are  in  bed  asleep  they 
are  doing  their  work.  This  is  my  experience  with  record- 
ing pressure  gauges. 

I  have  known  a  good  many  engineers  and  firemen  to 
be  caught  up  with,  for  neglect  of  duty,  where  this  record 
was  in  use :  they  could  not  say  that  they  were  not  neg- 
ligent or  were  not  asleep,  for  there  was  the  record  against 
them.  It  records  the  engineer  and  fireman  on  duty,  quite 
a  valuable  record  tor  us  at  times.  It  records  the  height 
of  water  in  every  section,  and  the  supply,  which  forms  a 
very  important  feature.  We  can  tell  during  a  fire  exactly 
when  a  fire  breaks  out,  exactly  when  we  get  the  informa- 
tion, and  how  much  water  has  been  used  during  the  fire. 
This  is  very  important.  You  can  tell  the  location  of  the 
fire  and  the  pressure  maintained  there,  and  the  fireman 
can  not  say  that  he  did  not  have  the  pressure. 

Mr.  Denman  : — There  is  a  question  I  would  like  to 
ask.  I  would  like  to  know  where  two  boilers  use  the 
same  recording  gauge,  if  the  fireman  should  neglect  his 
duty  and  allow  the  fire  to  go  down  in  one,  and  keep  it  up 
in  the  other,  whether  the  recording  gauge  would  record 
the  highest  pressure  ? 

We  had  a  fireman  who  had  been  in  our  service  a  good 
many  years  and  whom  we  valued  very  highly.  One  day 
the  general  engineer  was  passing  through  the  boiler  room 
and  he  found  the  fireman  in  great  alarm,  and  on  examina- 
tion found  the  boiler  in  common  use  wanted  filling,  but 
saw  it  in  time  to  correct  it.  Our  recording  gauge  did  not 
say  that  there  was  anything  the  matter  with  the  boiler.  I 
suppose  we  narrowly  escaped  a  genuine  old  fashioned 
blow-up. 

Another  thing  about  the  recording  gauge,  if  the 
engineer  should  fall  asleep,  it  would  peach  ;  he  knows  this, 
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and  he  tells  the  fireman :  "John,  you  take  a  little'snoo^^ 
and  I  will  watch,"  and  on  the  other  hand  the  fireman  says 
to  the  engineer,  ''Yon  take  a  little  snooze  and  I  will  take 
care  of  the  engine."  The  recording  gauge  keeps  at  least 
one  man  on  duty.  I  was  going  to  say  these  recording 
gauges  need  the  same  watching  that  steam  gauges  do. 

Col.  Henion  here  announced  the  following  programme 
of  entertainment: 

The  members  of  the  Association  are  invited  to  a 
visit  to  Minnehaha  Falls.  They  are  requested  to  be  on 
time  to  take  the  4:50  motor  train,  to-morrow  afternoon. 
The  time  of  returning  will  be  seven  o'clock. 

You  are  invited  by  the  Engineer's  Club  and  the  Water 
Board  of  St.  Paul,  to  visit  their  city  on  Friday  afternoon. 
They  are  making  the  necessary  arrangements  and  the 
program  will  be  announced  to-morrow  during  the  morning 
session. 

On  Saturday,  at  9  o'clock  A.  m.,  carriages  will  be  in 
waiting  at  the  hotel  to  take  the  members  of  the  Association 
for  a  drive  about  the  city,  to  the  mills,  St.  Anthony  Falls 
and  the  pumping  station;  after  which,  in  the  afternoon, 
you  will  be  requested  to  go  to  the  Union  Depot  on  Hen- 
nepin avenue  and  First  street,  at  2:20,  and  take  the  Mani- 
toba train  for  Lake  Minnetonka,  and  there  take  a  steamer 
for  a  tour  of  the  lower  lakes.  A  banquet  will  be  prepared 
at  the  Lafayette  hotel,  the  train  leaving  for  Minneapolis 
at  10:40  P.  M. 


Evening  Session,  Wednesday,  July  13th,  1887. 

Meeting  called  to  order  at  8  o'clock,  by  Vice  Presi- 
dent Milner. 

REPORTS  OF  COMMITTEES. 

Mr.  Beach  presented  the  report  of  the  Committee  on 
Eevising  and  Eeprinting  Proceedings  of  1881  to  1886,  in- 
clusive. 

The  resolution  authorizing  the  publication  seemed  to 
admit  of  various  constructions,  or  being  too  indefinite  ;  some  of 
the  officers  taking  the  view  that  no  appropriation  had  been 
made,  and  further,  that  the  association  had  no  constitutional 
authority  to  levy  a  special  assessment  upon  the  members  with- 
out their  consent.  This  course  left  your  committee  without  any 
funds  whatever  with  which  to  get  the  work  out,  except  such  as 
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Gould  be  raised  by  voluntary  subscription  and  from  advertising, 
to  which  your  committee  turned  their  attention.  From  a  per- 
soual  correspondence  with  all  the  members,  we  found  such  a 
general  desire  to  have  the  work  published,  and  a  sufficient  sup- 
port from  subscriptions  and  advertisements  to  insure  a  large 
portion  of  the  cost,  that  in  P'ebruary  last  the  committee  decided 
to  proceed  with  the  work  and  carr5'  any  balance  required  until 
the  meeting  of  the  Association  in'  1887.  Your  committee  con- 
tracted for  the  publication  and  electrotyping  of  500  copies  to  be 
finished  in  May,  but  various  delays  have  kept  the  work  back 
until  the  present  time.  We  find  great  difficulty  in  obtaining 
original  matter,  especially  the  various  plates  and  the  report  of 
the  third  annual  convention,  as  from  an  appeal  to  every  member 
we  find  only  three  copies  of  tlie  tliird  report  in  existence.  The 
plates  having  been  mostly  destroyed  by  tire,  it  was  impossible  to 
procure  new  ones  in  time  for  this  session,  so  the  work  was  pro- 
ceeded with  without  the  plates.  We  hope  to  procure  new  plates 
and  present  them  to  all  subscribers,  so  that  they  may  hereafter 
be  placed  in  their  proper  place  in  the  book.  The  entire  cost  of 
the  work  has  at  present  amounted  to,  in  round  numbers,  nearly 
SI, 200 ;  amounts  pledged  from  advertising  and  subscriptions, 
between  SSOO  and  S900,  leaving  something  over  S300  unprovided 
for,  but  with  something  over  200  copies  of  the  work  on  hand  for 
sale.  Amounts  subscribed  were  at  $1.00  per  copy,  but  from  the 
fact  that  at  that  price  it  would  not  pay  the  expense  of  getting  the 
work  out,  the  committee  have  put  the  price  of  such  as  were  not . 
subscribed  for  at  SI. 50  per  copy,  which,  if  all  copies  are  sold,  will 
a  little  more  than  pay  the  total  expenses. 

We  hope,  before  the  close  of  the  convention,  to  present  an 
itemized  statement  of  receipts,  disbursements  and  assets,  which 
we  are  not  at  present  able  to  do,  but  will  say  in  conclusion  that 
no  bills  whatever  have  been  incurred  in  the  name  of  the  associa- 
tion, the  committee  assuming  the  entire  expense. 

Hoping  the  work  will  prove  satisfactory,  we  remain,  etc., 

G.  E.  BEACH,  Chairman. 
I.  L.  LYMAN. 

Mr.  Beach  : — I  would  like  to  have  the  convention 
take  action  upon  the  question  as  to  whether  it  would  be 
proper  to  charge  anything  in  excess  of  the  subscription 
price  of  81.00  per  copy  ? 

We  do  not  wish  to  saddle  anything  on  to  the  Asso- 
ciation, but  as  the  committee  have  assumed  the  expense, 
if  we  limit  the  amount  to  81.00,  it  will  leave  the  committee 
considerably  in  the  lurch,  unless  we  can  dispose  of  the 
entire  number  of  copies  now  on  hand. 

Those  who  have  subscribed  at  one  dollar  I  suppose 
should  have  them  at  that  price. 

Me.  Pearsons  : — I  do  not  recollect  whether  I  sub- 
scribed for  ten  copies  or  not,  but  I  want  them  anyway,  and 
if  I  am  not  one  of  the  lucky  ones  I  will  pay  815.00  without 
kicking  at  all. 
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The  President: — The  first  question  to  decide  is 
what  we  will  do  with  the  report  of  the  committee. 

The  Secretary: — I  move  that  the  report  be  re- 
ferred to  a  committee  of  three,  consisting  of  the  members 
of  the  Finance  Committee  who  are  present,  and  one 
member  to  be  added  by  the  Chair,  and  that  said  committee 
report  Friday  morning.    Motion  carried. 

The  Chair  named  L.  H.  Gardner  to  act  with  the 
Finance  Committee. 

The  President  : — The  next  thing  in  order  is  open- 
ing the  Question  Box. 

The  Secretary  read  the  following  question :  On  what 
basis  should  water  works  property  of  private  corpora- 
tions be  assessed  and  taxed,  compared  with  other  property 
in  the  same  locality  "? 

The  President  : — We  would  like  to  hear  from  some 
one  on  this  question. 

Mr.  Beach  : — This  is  a  matter  I  am  very  much  inter- 
ested in.  I  have,  during  the  past  year,  corresponded  with 
the  officers  of  a  great  many  water  works  companies,  to 
get  at  the  basis  on  which  they  were  assessed  and  the 
amount  of  taxes  paid.  One  man  said,  just  go  ahead  and 
do  the  best  we  could,  for  it  was  a  matter  that  had  not 
been  adjudicated  by  any  court,  I  have  not  been  able  to 
find  a  case  that  has  been  passed  on  by  the  courts. 

I  am  president  of  a  water  company  and  considerably 
interested  as  a  stockholder.  We  have  the  reservoir  sys- 
tem with  a  capacity  of  a  million  gallons,  and  forty-five 
hydrants.  We  are  exempt  from  city  taxes.  The  state 
listed  our  property  at  $10,000,  for  pipe,  buildings  and  hy- 
drants. The  matter  went  to  the  county  commissioners 
and  the  state  board  of  equalization,  and  they  simply 
multiplied  it  by  five  and  made  it  $50,000,  placing  the  real- 
estate  alone  at  $10,000,  that  representing  one-third  the 
value.  We  went  to  the  district  court  and  argued  the  case 
by  attorney,  claiming  that  the  county  commissioners  and 
board  of  equalization  had  no  right  to  assess  or  change  the 
valuation.  It  was  thrown  out  of  court.  The  case  was 
simply  one  of  spite  against  the  water  company. 

The  case  went  to  the  supreme  court  and  was  referred 
back  to  the  district  court  for  a  re-hearing.  It  was  finally 
compromised  for  one  year's  taxes,  the  county  being  willing 
to  compromise  and  fix  the  assessment  at  $10,000. 
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With  the  exception  of  a  few  with  whom  I  had  corres- 
ponded, and  I  had  received  answers  from  nearly  all,  the 
idea  seemed  to  be  that  we  had  no  reason  to  complain ; 
taking-  the  jjround  that  water  works  were  looked  upon  as 
a  public  benefit  and  in  consequence  were  taxed  nominally, 
and  in  a  great  many  cases  were  not  taxed  at  all  or  com- 
paratively nothing. 

My  views  of  the  basis  of  taxation  gathered  from  the 
history  of  water  works  companies,  and  from  a  careful 
examination  of  the  question  from  legal  authorities  is  this  : 
"Water  works  property,  including  mains  and  hydrants, 
should  be  taxed  ui)on  the  basis  of  what  that  particular 
part  is  worth,  not  what  it  is  worth  in  connection  with  the 
water  works,  nor  wliat  it  cost.  It  is  unjust  to  tax  us  upon 
the  cost,  for  that  does  not  represent  its  present  value, 
but  what  it  will  bring  in  the  market,  not  what  it  would 
sell  for  by  selling  the  entire  water  works ;  but  what  a 
block  of  that  pipe  if  taken  up  and  sold  for  taxes  would 
bring.  It  should  not  be  taxed  as  real  estate,  adding  to  it 
the  value  of  the  skilled  labor  required  to  put  the  pipes  in 
the  ground,  upon  the  theory  that  it  enhances  the  value 
and  that  we  ought  to  pay  taxes  on  the  increased  valua- 
tion. We  ought  to  be  taxed  on  the  basis  of  what  it  is 
worth  for  use,  less  the  cost  of  taking  it  up.  If  you  have 
a  franchise  it  can  not  be  sold  for  taxes,  therefore  water 
works  should  not  be  taxed  on  the  same  basis  as  other 
property.  If  you  build  a  house  upon  a  piece  of  land  you 
know  that  land  is  improved  to  the  amount  of  the  labor  and 
material  put  upon  it ;  on  the  other  hand  laying  the  pipes 
in  the  street  gives  j'ou  no  interest  in  the  real  estate,  nor 
does  it  enhance  the  value  of  the  pipes  in  the  least. 

I  sought  to  draw  out  this  discussion  to  ascertain  the 
basis  upon  which  water  works  throughout  the  country  are 
taxed.  It  is  my  impression  that  this  question  will  have  to 
go  to  the  courts,  and  I  presume  the  highest  court  in  the 
land,  before  it  is  adjudicated.  If  any  of  the  members  here 
have  any  information  as  to  the  courts  having  acted  upon 
this  question,  I  would  like  to  hear  from  them. 

Mr.  Donahue  : — It  seems  to  me  that  there  must  be 
some  legal  means  of  settling  this  question,  but  I  think  the 
matter  of  taxes  is  something  that  ought  to  be  adjusted 
when  the  franchise  is  obtained.  We  are  exempt  from 
taxes. 

Mr.  Wirt  : — In  regard  to  doubling  the  valuation,  we 
had  a  little  scrape  of  that  kind  in  our  town.  We  returned 
to  the  assessor  the  valuation  of  the  pipe,  machinery  and 
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the  ground  they  were  located  on,  and  he  doubled  the 
amount  on  us.  We  went  before  the  city  couucil  and 
argued  the  case;  I  then  happened  to  have,  I  think,  a 
decision  of  the  Supreme  Court  of  New  York.  The  decision 
there  was  that  water  works  com])any  ground  was  not  per- 
sonal property.  In  showing  this  to  the  council  I  con- 
vinced them  that  they  had  no  right  to  assess  at  all,  much 
less  double  the  amount. 

Mr.  Henion: — It  seems  to  me  that  we  ought  not  to 
influence  the  courts  by  our  arguments  here.  This  matter 
seems  to  be  a  question  for  the  courts  to  decide  instead  of 
the  water  companies.  You  must,  of  course,  get  the  fran- 
chise for  the  water  works,  and  as  Mr.  Donahue  says,  it  is 
better  if  possible,  to  settle  this  question  then. 

The  President  : — It  seems  to  me  that  all  we  can  do 
in  the  discussion  of  this  question  is  to  get  the  individual 
knowledge  of  the  members  of  the  Association.  It  is  not 
hkely  that  anything  we  might  say  would  influence  the 
courts.  We  may  have  some  knowledge,  and  if  we  have 
let  us  give  it  to  those  who  may  need  it.  We  might  con- 
sult some  of  the  scientific  journals  of  the  country:  I 
presume  the  Engineering  News  would  have  some  valuable 
knowledge  on  the  subject. 

Mr.  Stephens: — I  am  interested  in  three  water 
works.  I  might  say  one  is  not  taxed  at  all,  one  nominally 
and  the  other  considerably.  I  think  it  is  our  duty  to  look 
after  a  brother  who  has  fallen  into  trouble  and  help  him 
out,  by  doing  the  best  Ave  can  to  get  a  rebate  or  lower  his 
assessment. 

I  think  this  a  very  important  question.  If  the  pipes 
under  the  ground  are  to  be  taxed  we  ought  to  know  it. 

The  President  : — I  think  it  just  and  proper  that  we 
should  impart  all  the  information  we  have  on  the  subject. 

Mr.  Beach  : — It  is  all  right  to  have  the  arguments 
and  statements  of  the  different  members  in  regard  to  the 
manner  in  which  they  are  taxed,  but  in  time  the  question 
will  have  to  be  decided  by  the  legislature ;  and  we,  per- 
haps, until  then,  will  have  to  be  satisfied  with  what  is 
customary  over  the  country ;  but  I  know  it  is  not  the 
custom  of  the  country  to  tax  water  works  three  or  four 
times  what  they  cost. 

Mr.  Gray  : — My  observation  and  experience  on  this 
question  leads  me  to  the  opinion  that  it  is  becoming  on 
the    whole    a    more    important  question   than   formerly. 
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Municipal  authorities  and  officials  are  becoming  of  the 
opinion  that  water  works  property  is  a  pretty  good  thing; 
and  I  think  the  water  works  men  are  responsible  for  the 
opinion  throughout  the  country.  Times  are  pretty  good 
and  they  are  stocking  up  heavily,  and  they  do  not  keep 
their  secrets  ;   they  make  this  known. 

The  municipal  authorities  become  somewhat  dissatis- 
fied and  think  perhaps  that  they  could  have  done  better, 
and  that  the  contract  made  with  this  company  is  something 
of  a  burden,  and  their  means  of  retaliation  is  to  tax  them 
heavily. 

Some  companies  I  have  been  interested  in  have  met 
with  this  same  experience.  I  think  there  is  a  disposition 
to  reach  out  and  tax  them  all  they  will  stand.  The  opinion 
I  have  formed  from  inquiries  I  have  made  is,  that  we  must 
stand  the  same  as  other  property  owners,  we  must  stand 
the  same  assessment,  the  same  valuation  and  the  same 
taxation  as  other  property  stands.  The  trouble  is  that  we 
have  no  relief  unless  we  go  to  law.  I  am  not  aware  that 
the  question  has  ever  been  carried  to  the  higher  courts. 
It  is  not  confined  to  water  works  companies,  but  extends 
also  to  gas  companies. 

It  is  a  question  we  have  all  to  meet  and  battle  with 
more  or  less,  and  is  a  very  important  one;  what  the  result 
will  be  I  do  not  know.  All  that  we  can  do  is  to  compare 
views  and  govern  ourselves  accordingly  in  the  future.  It 
is  my  habit  and  custom  to  prevail  upon  the  assessors  to 
compare  our  property  with  other  similar  property,  conse- 
quently we  have  never  had  any  serious  difficulty  in  that 
way. 

Me.  Millaed  : — They  assessed  us  last  year  for  the 
first  time.  They  found  out  how  much  the  pipe  cost  us  and 
assessed  it  against  the  company  as  personal  property,  and 
assessed  all  other  property  as  real-estate,  making  our  taxes 
l)retty  heavy.  This  year  we  got  a  reduction  by  getting 
them  to  allow  us  to  take  a  $25,000  assessment. 

Me.  Geay: — I  meant  to  state  when  I  was  on  the 
floor  of  some  cases,  two  or  three,  that  I  call  to  mind, 
where  there  had  been  quite  a  controversy  held  over  the 
question  as  to  whether  the  mains  should  be  taxed  as  real- 
estate  or  personal  property,  or  whether  it  should  be  taxed 
at  all,  but  no  two  could  agree. 

Another  question  has  been  remarked  upon  by  one 
gentleman,  that  is,  that  this  matter  of  tax  ought  to  be 
looked  after  at  the  time  the  franchise  is  obtained.  I  know 
it  is  a  very  common  thing  with  most  of  us  to  arrange  for 
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the  Tforks  to  be  free  for  a  term  of  years,  but  I  think  some 
have  come  to  the  conchision  that  this  is  not  legal ;  in  our 
State  it  can  not  be  done.  I  do  not  think  there  are  many- 
works  that  are  trying  to  get  altogether  free  of  tax. 

Mr.  Briggs: — Indiana  taxes  them  on  the  capital 
stock,  and  we  set  that  as  low  as  we  can. 

The  President: — We  have  a  franchise  in  Kansas 
City  and  are  exempt  from  taxation  during  the  term  of  the 
franchise.  While  it  may  not  be  legal  for  the  people  to 
make  that  kind  of  a  contract  the  effect  is  the  same.  We 
do  not  interest  ourselves  at  all  about  the  assessment. 

It  is  not  so  with  our  plant  in  Wyandotte.  We  have 
to  pay  taxes  there  and  the  question  comes  up  every  year. 
They  wanted  to  tax  it  as  personal  property,  I  did  not 
think  it  should  be  so  taxed,  but  thought  it  should  be  taxed 
as  real  estate.  We  do  as  oue  gentleman  here  has  sug- 
gested, that  is — the  best  we  can.  I  think  we  ought  not 
pay  anything. 

Mr.  Henion  : — As  I  understand  this  matter,  a  cor- 
poration is  not  asked  or  expected  to  build  water  works 
unless  they  think  they  are  going  to  pay,  at  least  I  never 
heard  of  it  before.  If  a  man  goes  into  this  business  and 
does  not  take  care  of  the  taxes,  I  do  not  see  who  is  to 
blame  but  himself.  If  he  was  unable  to  strike  down  the 
valuation,  and  his  business  was  increasing  very  rapidly,  he 
might  have  a  very  good  thing  even  at  that. 

I  do  not  see  how  the  Association  can  decide  this 
question  at  all.  Of  course  we  can  hear  the  members  and 
their  experience  with  assessors,  about  doubling  valuations 
and  all  these  things,  but  I  do  not  see  how  it  will  decide 
the  matter. 

Mr.  Briggs  : — There  is  a  little  matter  of  duty  I 
desire  to  bring  before  the  Association. 

All  of  the  members  of  this  Association,  who  were 
present  at  the  convention  at  Columbus,  four  years  ago, 
and  many  others  who  have  received  his  excellent  reports, 
remember  Frank  Doherty,  the  superintendent  of  the  water 
works  in  that  city.  And  here  let  me  pay  a  passing  tribute 
to  his  memory :  As  a  man — personally  liked  by  all  who 
knew  him.  An  efficient,  intelligent,  progressive  water 
works  manager.  By  his  death  the  Association  lost  one  of 
its  most  valuable  members.  I  am  satisfied  our  Secretary 
and  others  who  visited  him  then,  will  bear  me  out  in  my 
statement.  He  was  devoted  to  the  profession  and 
originated  quite  a  number  of  new  ideas.    His  long  gallery 
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for  getting  a  supply  of  water  was,  I  think,  tlie  first  of  any 
extent  in  the  country.  He  was  never  satisfied  with  the 
present  style  of  joint  for  cast  iron  pipe.  He  argued  that 
to  yarn  a  joint  well  took  time,  that  the  yarn  would  get 
rotten,  that  where  the  bead  end  of  a  pipe  was  off  that  the 
yarn  would  work  out  into  the  pipes,  etc.  After  studying 
the  matter  over  and  making  experiments,  he  patented  a 
joint  in  which  a  soft  iron  wire  took  the  place  of  hemp. 
He  had  great  confidence  in  its  efi&ciency.  In  fact  he 
found,  by  experimenting,  that  it  was  tight  under  125 
pounds  pressure.  After  his  death  Mrs.  Doherty  sent 
copies  of  the  patent  to  Mr.  Decker  and  myself,  with  the 
request  that  we  would  lay  the  matter  before  the  convention 
at  Cincinnati.  It  was  near  the  close  of  the  session,  and 
I  don't  think  it  received  the  consideration  it  should  have 
had.  The  Secretary  coincided  with  me  in  that  opinion, 
and  I  have  taken  the  liberty  of  bringing  the  subject  up 
again.  I  think  rather  favorably  of  it  myself,  from  the 
result  of  some  experiments  I  have  made,  and  I  would 
here  remark  that  if  you  are  much  troubled  with  water 
when  making  a  joint,  take  a  piece  of  wire,  wrap  it  with 
cotton  cloth,  and  if  you  can  keep  the  water  in  the  pit 
down  until  you  can  drive  the  gasket  in  you  are  all  right.  It 
seems  a  little  strange  that  with  as  much  attention  as  has 
been  given  to  cast  iron  pipe  lately,  as  many  articles  as 
have  been  written  on  it,  an}'  improvement  on  the  old- 
fashioned  way  of  making  a  joint  has  never  to  my 
knowledge  been  alluded  to.  I  have  a  full-sized  drawing 
of  a  6-inch  pipe,  and  gentlemen,  will  you  examine  and  pass 
judgment  on  it.  It  looks  to  me  like  a  good  thing. 
Whether  practical  use  would  show  up  its  defects  I  cannot 
say,  but  I  think  at  least  one  pipe  factory  thinks  well  of  it, 
and  would  be  glad  to  have  its  merits  discussed. 

The  Seceetaey  :  —  I  move  that  the  matter  be 
referred  to  a  committee  of  three  who  shall  report  upon  its 
merits,  during  the  present  meeting.  Motion  carried,  and 
the  chair  appointed  Messrs.  Pearsons,  Stephens  and 
Bichards. 

Question: — Which  gives  the  best  satisfaction, 
water  works  owned  by  private  corporations  or  those 
owned  by  the  city  ? 

Me.  Weller  : — I  will  state,  Mr.  President,  in  con- 
nection with  that,  that  the  works  that  I  represent  are 
owned  by  the  city,  but  there  is  talk  now  of  selling  them 
to  a    syndicate.    We   have    a   population   of   about    33 
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thousand.  We  have  about  40  miles  of  pipe  and  the  revenue 
is  something  over  $26,000  annually.  They  are  run  at  an 
expense  of  about  $13,000. 

The  President  : — What  did  the  works  cost  ? 

Mr.  Wellee  : — That  is  hardly  a  fair  question,  as 
they  were  built  at  a  very  expensive  time. 

The  President  : — What  are  they  worth  now  ? 

Mr.  Weller  :— Probably  $350,000. 

The  President  : — Can  they  be  built  for  that  ? 

Mr.  Weller  : — I  think  so.  Our  pipe  cost  $100.00 
per  ton  loaded.  I  would  like  to  hear  some  discussion  on 
this  subject. 

Mr.  Gardner  : — Over  one-half  of  the  water  works 
of  the  country  are  owned  by  private  companies.  I  think 
statistics  will  show  that  the  water  supply  has  been  much 
more  satisfactory  than  where  they  are   owned  by  the  city. 

Mr.  Briggs  : — I  think  on  the  average  it  is  a  great 
deal  better  to  have  them  owned  by  private  companies  ;  it 
costs  the  people  less  than  if  they  are  owned  by  the  city, 
though  there  are  exceptions.  One  great  trouble  with  city 
management  is,  when  there  is  a  change  of  ofl&cers,  nobody 
knows  what  is  to  be  done  with  the  water  works. 

The  President  : — I  am  inclined  to  think  it  would 
be  a  pretty  good  plan,  Mr.  Weller,  for  your  city  to  sell  out 
to  a  private  corporation. 

You  state  your  net  income  to  be  $13,000,  five  per 
cent  is  a  very  reasonable  interest,  that  would  be  $17,500^ 
on  your  own  valuation. 

I  do  not  see  how  a  private  corporation  could  make 
any  money  unless  they  could  do  better  than  the  city. 

It  may  be  more  popular  for  the  public  to  own  the 
works  than  to  have  them  owned  by  a  private  corporation 
— some  people  do  not  like  corporations  very  much.  It 
may  seem  to  be  cheaper  to  the  citizens  for  the  city  to  own 
and  operate  the  works,  but  indirectly  they  have  to  pay 
more.    Those  are  my  views  of  the  question. 

Mr.  Chandler: — Where  the  city  own  the  water 
works  they  try  to  build  up  the  city  in  which  they  live,  at 
least  I  know  it  is  the  case  with  us.  We  take  a  liberal  part 
in  anything  that  tends  to  increase  the  population  of  our 
city.    The  first  question  that  arises  when  a  private  cor- 
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poration  invests  in  water  works  property,  is,  what  have 
they  bought  it  for?  Certainly  they  bought  it  to  make 
money  out  of  it. 

We  have  probably  fifteen  miles  of  pipe  that  does 
not  pay  two  per  cent,  on  the  investment.  These  pipes 
are  put  there  for  fire  protection  and  to  enable  us  to  have 
public  watering  troughs,  or  anything  of  that  kind.  We 
have  made  a  good  deal  of  outlay  by  the  way  of  public 
policy  in  inducing  manufacturers  to  come  there.  A  great 
many  private  companies  would  not  have  been  so  liberal 
as  to  do  this. 

The  President  : — I  am  inclined  to  think  that  the 
city  ought  not  to  own  the  water  works,  any  more  than 
they  ought  to  own  the  bar-rooms  or  grocery  stores.  I 
know  that  in  Sedalia  they  built  water  works  at  an  expense 
of  $125,000,  and  got  in  debt  to  the  full  extent  of  the  law, 
and  notwithstanding  the  amount  invested,  they  had  very 
poor  water  and  very  poor  service.  They  have  recently 
sold  the  water  works  to  a  party  in  St.  Louis  for  $100,000. 
Property  they  say  cost  $125,000,  and  I  think  it  cost  more 
than  that.  I  offered  them  $40,000  for  their  plant,  but  the 
St.  Louis  parties  offered  them  $100,000,  and  they  accepted 
their  offer. 

Mr.  Gray  : — In  the  town  the  Chairman  speaks  of,  I 
was  called  in  as  an  adviser  when  they  were  discussing  the 
propriety  of  selling.  The  history  of  the  works  is  about 
this  ;  Some  thirteen  years  ago  they  built  the  works  at  a 
cost  of  $150,000.  They  were  built  on  the  Holly  plan.  They 
made  a  bad  selection  of  an  engineer,  and  the  works  were 
not  well  looked  after ;  the  water  supply  was  never  sufficient, 
their  pumps  were  troublesome,  and  the  rust  destroyed 
their  machinery. 

It  was  the  prevailing  opinion  that  the  works  had 
been  destroyed  by  political  mismanagement.  I  think  I 
can  call  to  mind  several  works  of  that  kind. 

Then  again,  as  far  as  my  observation  goes,  there  is 
a  disposition  on  the  part  of  the  city  to  extend  certain 
privileges  to  certain  districts  to  please  certain  men;  the 
question  never  arises  in  their  minds  whether  the  extension 
will  pay  or  not.  Then  arises  the  idea  that  in  order  to  get 
in  manufactories  sacrifices  must  be  made,  and  they  are 
made  often  time  regardless  of  losses.  It  is  generally  on 
account  of  this  sort  of  mismanagement  that  they  fail  to 
pay.  In  a  good  many  instances,  however,  they  are  handled 
as  well  as  they  can  be,  and^are  managed  on  strictly  business 
principles. 
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Me.  Chandler  : — I  think  a  city  can  build  and  man- 
age water  works  just  as  cheap  as  a  private  corporation. 
In  the  place  where  I  live  we  established  water  works  in 
the  year  18G9,  which  are  not  controlled  by  politics  in  any 
sense  of  the  word.  At  the  time  the  city  established  the 
water  works  they  started  by  putting  825,000  into  works 
which  to  date  have  cost  $365,000;  and  now  they  have  no 
bonds,  pay  no  interest  and  have  a  revenue  of  $14,000,  out- 
side of  the  supply  for  the  city  and  our  large  park.  I  think 
this  idea  of  private  corporations  owning  the  works  being 
cheaper  to  the  citizens  than  the  city  owning  them  is  all 
bosh. 

I  have  been  there  seventeen  years  and  know  some- 
thing about  it. 

Mr.  Briggs  : — How  many  times  have  your  politics 
changed ! 

Mr  Chandler  : — They  change  every  year.  We  vote 
prohibition  and  everything  else,  but  it  does  not  interfere 
with  the  water  works  system.  Politics  have  nothing  to  do 
with  our  water  works  ;  neither  party  can  say  that  they 
own  or  control  them. 

Mr.  Weller: — I  do  not  think  it  is  cheaper  for  the 
tax  payers  to  have  a  private  corporation  own  the  water 
works,  than  it  is  to  own  them  themselves. 

We  get  about  $2G,000  revenue  for  water.  Now,  I 
have  made  some  inquiry  of  gentlemen  who  own  water 
works,  and  from  the  best  information  I  can  get,  the  money 
is  made  principally  from  public  consumers,  and  if  these 
gentlemen  owned  our  water  works  they  would  tax  our  city 
about  $50,000  for  water.  Now  add  $50,000  to  $26,000,  and 
they  would  have  a  revenue  of  $76,000.  The  point  I  am 
getting  at  is,  that  if  you  and  I  owned  the  works  and  got 
that  amount  of  revenue  from  the  water  furnished  the 
public,  in  addition  to  the  revenue  obtained  from  the  water 
furnished  private  consumers,  it  would  be  better  and 
cheaper  for  the  city  to  own  the  works. 

On  motion  adjourned. 
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Morning  Session,  Thursday,  July  14tli,  1887. 

Meeting  called  to  order  at  10  o'clock,  by  President 
Jones,  who  read  the  following  letter  : 

Pawtucket,  R.  I.,  July  Ist,  1887. 
Hon.  B.  F.  Jones,  PresH  of  Am.   Water  Works  Assort: 

I  write  to  inform  you  that  I  shall  not  be  able  to  attend  the 
Convention  at  Minneapolis  on  the  13th  inst.,  owing  to  sickness 
in  my  family.  I  have  a  son  21  years  of  age,  who  has  been  ap- 
parently well  up  to  this  time,  but  last  week,  Friday,  was  taken 
with  bleeding  from  the  lungs,  :md  has  since  raised  large 
quantities,  and  is  in  a  critical  condition.  I  regret  the  circum- 
stance very  much,  as  I  had  anticipated  much  pleasure  at  the 
Convention. 

I  trust  you  will  have  a  grand  time.  Should  any  think  I 
have  lost  faith  in  the  old  American  Water  Works  Association, 
you  can  assure  them  that  I  never  forsake  my  first  love,  the 
"American  Water  Works  Association."  I  hope  you  will  have  a 
profitable  meeting,  and  that  we  shall  continue  to  grow  in  num- 
ber as  well  as  knowledge,  fori  believe  our  Association  is  founded 
on  principles  which,  if  properly  developed,  will  produce  results 
that  will  be  appreciated,  not  only  by  the  scientific  mind,  but  by 
the  American  people  at  large. 

Please  extend  to  the  Association  a  cordial  greeting  from 
the  N.  E.  W.  W.  Ass'n,  which  I  have  the  honor  to  represent, 
and  wish  you  a  God-speed  in  your  laudable  undertaking. 

Very  Respectfully  Yours, 

EDWIN  DARLING, 
:^[ember  of  the  A.  W.  W.  Ass'n, 

and  Pres't  of  the  N.  E.  W.  W.  Ass'n. 

Mr.  G.  W.  Pearsons  then  presented  a  paper  entitled : 


NATURAL  FILTRATION. 

Question.  Is  it  practicable,  as  a  rule,  to  depend  upon  a 
water  supply  drawn  from  the  gravel  or  sand,  under  or  adjacent 
to  a  stream  ? 

The  title  of  the  subject  allotted  to  me,  and  the  question, 
seem  to  cover  both  quantity  and  quality. 

In  the  Journal  of  the'  New  England  W.  W.  Association  for 
June,  Mr.  Albert  F.  Noyes,  City  Engineer  of  Newton,  Mass., 
gives  a  very  valuable  paper  on  driven  well  supply.  Another  by 
Professor  Trowbridge,  on  the  Auxiliary  Supply  of  Brooklyn,  is 
given  in  Engineering  News  of  May  21st. 

The  programme  of  our  present  meeting  gives  three  papers 
upon  cognate  subjects.  In  the  one  allotted  to  me,  a  better  au- 
thority was  called  on,  but  could  not  respond. 

The  attention  given  the  subject  outside  of  text  books,  shows 
its  importance,  and  the  need  of  something  more  than  can  be  given 
by  a  single  individual  in  the  compass  of  a  paper. 
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I  hope  that  Col.  Fanning  will  be  able  to  take  up  this  sub- 
ject, not  only  for  our  benefit,  but  of  the  public  at  large  ;  what  we 
need  is  a  text  book  in  which  may  be  collected  all  the  information 
accessible  ;  the  writer  of  a  paper  can  not  properly  collect  from 
text  books  or  the  labor  of  other  writers. 

The  difficulty  in  making  such  studies  lies  in  the  unreliabil- 
ity of  second  hand  information :  very  few  persons  realize  the 
great  quantity  of  water  required  for  city  supply,  and  think  a 
well  which  would  supply  a  few  families,  adequate  for  the  supply 
of  a  city. 

In  a  conversation  with  the  writer,  the  late  Mr.  Henry  R. 
Worthington  observed  that  he  had  pumped  out  so  many  inex- 
haustible wells  that  the  mere  mention  of  procuring  a  supply  from 
such  a  source  made  him  nervous.     (I  think  he  said  tired). 

The  writer  is  very  much  inclined  to  generalize,  perhaps  too 
much  so,  but  this  question  does  not  admit  of  a  general  answer  ; 
it  would  be  very  jjleasant  if  an  affirmative  answer  could  be 
given,  but  unfortunately  the  most  general  one  would  be  in  the 
negative,  and  those  favorable  localities  where  such  a  supply  can 
be  obtained  cannot  be  ignored. 

The  comi^ass  of  this  paper  includes  only  such  supplies  as 
may  be  drawn  from  streams  by  the  use  of  the  natural  ground  as 
a  filtering  medium,  but  it  is  difficult  to  say  just  how  far  from  a 
visible  stream  we  may  go,  or  whether  those  supplies  which  are 
drawn  frow  invisible  accumulations  of  water  in  areas  of  sand  or 
gravel,  should  not  be  included ;  they  are  a  factor  of  as  great 
value  as  the  first,  and  as  the  means  of  obtaining  a  supply  from 
them  is  similar,  it  seems  proper  to  draw  no  line  between  them. 
The  most  important  supply  now  drawn  from  underground  in  this 
manner  is  probably  the  auxiliary  supjily  of  Brooklyn,  L.  I.  When 
this  is  examined  it  will  be  found  to  be  only  reaching  for  more  of 
the  same  supply  the  city  had  before. 

Ordinary  sand  or  gravel  of  somewhat  uniform  character  has 
interstices  to  the  amount  of  30  per  cent,  or  more  of  its  volume ; 
compacted  by  the  wash  of  the  sea,  the  smaller  particles  natural- 
ly filliug  the  void  between  the  larger,  and  further  condensed  by 
centuries  of  pressure  from  the  superincumbent  mass,  it  is  doubt- 
ful if  the  voids  exceed  in  the  aggregate  15  or  20  per  cent. 

On  the  sea  beach  at  Long  Is  and,  the  writer  has  observed 
the  water  of  a  heavy  storm  sinking  into  the  sand  as  fast  as  it 
fell:  Further  inland,  the  surface  soil  and  vegetation  retards 
the  descent  of  the  rainfall  considerably,  still,  a  very  large  per 
cent,  passes  into  the  ground  :  The  mean  annual  rainfall  of  this 
locality  is  some  42  inches,  of  which  it  is  probable  that  consider- 
able more  than  50  per  cent,  sinks,  say  24  inches  per  annum,  or 
enough  to  fill  the  voids  in  the  water  bearing  stratum  to  a  depth 
of  ten  feet  or  more. 

This  moves  o  a  gradient  of  from  5  to  7  feet  per  mile, 
steadily  seaward,  enough  passing  off  each  3' ear  to  make  room  for 
the  yearly  accretion. 

Neglecting  the  stud.vof  its  passage  in  detail,  consider  that 
a  mass  some  200  feet  in  depth,  takes  on  this  motion  :  How  much 
greater  the  movement  is  at  the  top,  we  do  not  liuow,  but  as 
water  moves  in  the  line  of  least  resistance,  we  may  naturally 
consider  that  the  greatest  movement  is  near  the  surface.  The 
average  would  be  some  3000  feet  per  year,  or  say  9  feet  per  day. 
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At  the  wells,  Professor  Trowbridge  found  the  movement 
about  one  foot  per  hour.  The  same  study  •hows  that  over  200 
millions  of  gallons  can  be  drawn  annually  from  each  square 
mile  of  such  ground.  This  rate  of  flow  of  one  foot  per  hour, 
given  as  the  equivalent  of  a  head  or  slope  of  from  5  to  7  feet  per 
mile,  seems  to  be  the  movement  of  the  contained  water,  that  is  a 
movement  of  about  2^  gallons  through  each  square  foot  of  the 
area  traversed.  This  accords  reasonably  well  with  the  former 
analysis,  and  is  the  writer's  understanding  of  Professor  Trow- 
bridge's paper. 

In  artificia,  filtration  we  reach  a  maximum  of  some  6  times 
this  amount,  that  is  a  cubic  foot  of  water  per  hour  per  square 
foot,  with  a  clean  filter,  but  soon  decreasing  to  perhaps  half  this. 
It  is  evident  that  clean  material  ulll  allow  a  much  greater  rate 
of  motion  through  it  than  when  it  has  become  partially  clogged  ; 
It  is  also  evident  that  the  motion  of  the  water  must  be  so  slow 
that  the  suspended  particles  of  impurity  may  be  at  liberty  to 
attach  themselves  to  any  solid  substance  with  which  they  come 
in  contact  on  their  journey,  and  not  be  again  displaced  by  the 
action  of  the  moving  current. 

The  action  of  coagulants,  alum,  iron,  muriatic  acid,  &c., 
seems  to  add  very  much  to  the  rate  of  motion  available  for 
filtration,  as  would  be  naturally  inferred,  the  aggregation  of 
particles  in  this  case  making  them  much  readier  to  seize  and 
hold  to  any  solid  substances  with  which  they  come  in  contact. 
I  think  that  Col.  L.  H.  Gardner,  of  New  Orleans,  was  the  first  to  . 
suggest  this  as  a  practical  aid  to  rapid  filtration.  I  make  the 
statement  from  my  own  understanding  of  the  matter.  Brother 
Gardner  can  deny  the  charge  if  he  chooses,  but  otherwise  I 
think  we  must  hold  him  responsible.  Be  this  as  it  may,  it  would 
seem  that  some  of  the  principal  builders  of  filters  have  been 
enabled  by  this  simple  addition  to  the  ordinary  process  of  filtra- 
tion, to  add  very  largely  to  the  efficiency  of  their  filters. 

The  writer  would  here  note  tha,t  the  experiments  of  Col. 
Henry  Flad,  of  St.  Louis,  and  his  own,  show  that  when  the 
action  of  filtration  is  upward  instead  of  downward,  a  large  body 
of  still  water  being  below  the  filter,  the  action  of  gravity  on  the 
particles  rejected  by  the  filter,  tends  to  deposit  them  in  the  still 
water,  and  the  filter  is  much  more  effective  and  permanent  than 
with  the  usual  downward  flow.  It  may  be  objected  that  the 
writer  is  wandering  from  his  subject,  but  it  is  probable  that  the 
other  writers  on  corresponding  subjects  will  likewise  wander 
from  theirs,  they  having  so  much  in  common. 

If  we  agree  on  any  point  it  helps  to  establish  that  point, 
if  we  disagree,  the  meeting  can  note  points  of  difference  and 
niake  their  own  decisions,  so  that  it  can  not  be  considered  as 
lost  effort  if  we  do  to  some  extent  trench  on  each  other's  subjects. 

Under  or  on  the  banks  of  streams,  galleries  have  been 
built  with  a  view  to  obtaining  natural  filtration ;  where  the 
current  is  at  times  so  strong  as  to  wash  from  the  bed  of  the 
stream  the  silt,  which  has  been  deposited  by  a  lower  stage  of 
water ;  the  action  of  these  galleries  is  similar  to  that  of  an  artifi- 
cial filter,  where  the  surface  of  the  sand  is  covered  with  a  less 
pervious  material,  which  remains  in  situ,  it  may  be  doubted 
whether  the  most  of  the  supply  comes  from  the  stream. 

Bear  in  mind,  that  all  ground  water  is  primarily  derived 
from  rainfall,  that  lu  every  case  the  streana  is  the  natural  drain- 
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age  of  the  area  traversed,  that  all  ground  water  tends  in  this 
direction,  and  it  is  evident  that  the  rainfall  on  this  ground 
passing  underground  to  the  stream,  is  a  greater  or  less  factor  of 
the  supply.  In  the  Northern  Statesf  M-ater  bearing  gravel  beds 
are  found  which  may  be  very  valuable  as  sources  of  supply. 

At  Peoria,  Ills.,  a  small  well  near  the  river  was  sunk 
through  hard  clay  into  a  stratum  of  coarse  gravel  and  boulders 
of  unknown  depth  or  extent.  This  yielded  some  three  millions 
of  gallons  per  day,  and  the  amount  available  seems  unlimited  ; 
so  far  as  the  writer  is  aware  the  quality  is  good  for  city  supply, 
but  I  have  not  heard  of  its  having  been  utilized  for  this  purpose. 

In    Alleghany    County,    Isew   York,   the    Genesee  River 

? asses  through  a  similar  formation.  At  Binghamton,  Xew 
'ork,  water  is  drawn  from  a  similar  source.  In  Kansas  an 
Immense  deposit  of  sand  and  gravel  seems  to  exist  over  a  large 
area  between  the  Platte  and  Kansas  Rivers  ;  the  Kansas  lying 
in  lower  ground  draws  a  large  portion  of  its  waters  from  this 
source. 

It  would  seem  probable  that  these  deposits  occupy  the 
channels  of  former  rivers,  and  that  we  may  lind  them  away 
from,  as  well  as  adjacent  to  streams,  or  some  of  them  may  be 
deposits  of  supposed  glacial  drifts  like  that  of  Long  Island,  in 
any  case  when  we  tind  such  a  deposit  it  is  worth  testing  if  we 
are  after  a  supply,  but  it  is  only  by  testing  that  either  its 
quantity  or  quality  can  be  known. 

At  Marshall,  Mo.,  the  writer  found  a  water  bearing  sand 
deposit  some  i:0  feet  in  depth,  its  apparent  breadth  was  some- 
thing less  than  a  mile,  its  length  unknown.  At  a  depth  of  30 
feet,  bits  of  wood,  bone,  coal,  &c  ,  showed  very  clearly  that  its 
origin  was  comparatively  recent,  but  evidently  prior  to  the  pres- 
ent make  up  of  the  country. 

About  a  quarter  of  a  mile  below  this  well  there  was  a 
Living  spring  where  the  sand  stratum  cropped  out  in  the  ravine. 
During  the  sinking  of  the  well,  the  pumping  necessary  for  the 
work  dried  the  spring,  showing  that  the  flow  of  water  past  us 
was  arrested  by  the  depletion. 

The  well  was  36  feet  in  diameter  and  about  the  same  in 
depth,  the  object  of  this  size  being  to  store  water  for  sudden  call. 
It  seems  able  to  supply  permanently  some  200,000  gallons  of 
water  per  day. 

The  sides  of  the  well  for  10  feet  from  the  bottom  are  made 
of  cants  of  3  inch  plank,  kept  |  of  an  inch  apart  by  veneers  of 
wood,  giving  about  1000  square  feet  of  percolating  area  ;  during 
the  sinking,  however,  all  the  water  came  from  the  bottom,  the 
well  was  accordingly  stopped  3  feet  above  the  hard  pan  bottom, 
and  the  sand  and  gravel  covered  with  stone,  through  which  the 
water  might  find  its  way  to  the  well.  This  is  mentioned  from 
the  fact  that  it  corresponds  with  the  usual  practice  in  filtering 
galleries. 

In  looking  over  the  records  of  these  It  becomes  evident 
that  the  bottom  of  these  galleries  is  generally  considered  alone, 
with  regard  to  the  entrance  of  water  to  them.  Any  inlet  from 
the  sides  needs  very  careful  guarding  to  prevent  the  admission 
of  fine  sand,  which  is  more  easily  kept  back  in  the  bottom  by 
the  aid  of  gravity.  Further  than  this,  it  seems  that  these  galle- 
ries are  not  largely  increased  in  capacity  by  added  dimensions, 
few  of  them  are  more  than  six  feet  in  breadth.  Where  the  volume 
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of  water  in  these  galleries  Is  of  value  to  answer  sudden  call,  the 
expense  of  their  coastruction  maybe  justifiable,  otherwise  the 
system  of  groups  of  small  wells  is  cheaper,  and  will  evidently 
yield  all  the  water  available  in  the  locality. 

The  particular  method  employed  to  procure  the  supply  is 
of  less  consequence  than  the  fact  that  such  a  supply  is  available. 
The  auxiliary  supply  of  Brooklyn  is  drawn  from  between  300 
aud  400  ordinary  driven  wells,  located  for  convenience  at  nat- 
ural water  courses,  the  depth  of  wells  and  required  lift  being 
least  in  these  localities.  Such  a  group  of  wells  will  probably 
secure  all  the  flow  for  a  mile  or  more  on  either  side  of  them,  por- 
vided  that  their  nearness  to  the  sea  shore  does  not  render  them 
liable  to  deplete  the  wuter  level  so  much  as  to  bring  in  sea  water. 

Jamaica  Bay,  on  Long  Island,  is  an  irregular  indentation, 
some  four  miles  iu  width  ;  outside  of  this  is  a  long  sand  point 
(Rockaway)  averaging  perhaps  a  quarter  of  a  mile  in  breadth  ; 
the  writer  was  called  to  provide  a  water  supply  on  this  point. 

As  it  was  some  seven  miles  to  the  nearest  land  where  water 
could  be  obtained  by  the  process  adopted  for  the  auxiliary  supply 
of  Brooklyn,  or  else  four  and  a  half  miles  under  the  bay  to  the 
Brooklyn  aqueduct,  with  a  very  doubtful  chance  of  being  allowed 
to  draw  such  a  supply  from  the  ground  there,  the  writer  decided 
to  try  what  conld  be  found  on  the  point  itself,  especially  as  works 
had  to  be  built  there  any  way,  and  would  not  be  lost  if  it  was 
found  afterwards  necessary  to  go  ashore  for  water. 

The  surface  of  the  sand  spot  was  irregular,  the  sand  dunes 
and  low  places  alternating.  Where  any  considerable  area  ex- 
isted which  was  not  overflowed  by  exceptional  spring  tides,  the 
water  in  the  sand  was  found  sweet  and  good,  in  the  low  places, 
brackish.  A  well  on  good  ground  near  the  bay  was  used  for  the 
supply  of  steam  tugs,  during  wet  weather  it  gave  good  water, 
in  dry  weather  it  became  brackish,  evidentlj"^  drawing  a  part 
of  its  supply  from  the  sea  at  such  times. 

On  this  point  the  writer  put  down  46  wells,  dodging  the 
low  places  and  getting  the  best  locations  available  over  about  a 
mile  of  ground  lengthwise  of  the  point. 

The  wells  were  open,  that  is,  not  connected  by  air-tight 
connections  to  the  suction  main.  They  were  found  capable  of 
yielding  from  20  to  30  gallons  per  minute  each,  but  were  gauged 
to  10  gallons,  each  well  being  sufficient  to  yield  that  supply 
without  depleting  the  ground  water  to  the  extent  of  the  average 
rain  fall. 

The  frictional  resistance  of  the  water  on  its  passage  from 
the  more  distant  wells  to  the  pumps  was  made  as  nearly  equal 
to  that  from  the  nearest,  as  practicable,  and  each  well  was  fur- 
ther controlled  by  a  valve  between  it  and  the  suction  main  ;  the 
first  oflbrt  in  pumping  show  less  than  six  inches  difference  in  the 
height  of  water  in  all  the  wells  attached. 

They  were  from  (>  to  8  inches  interior  diameter,  a  part 
were  made  by  casting  the  lower  joint  open,  covering  the  cast  iron 
with  heavy  galvanized  iron  wire  cloth  of  I  inch  mesh,  aud  this 
with  brass  wire  of  50  mesh.  They  were  sunk  by  putting  down 
an  outer  tube  to  the  depth  required,  lowering  tliis  to  place  in- 
side aud  drawing  out  the  outer  tube,  as  such  tubes  could  not  be 
sunk  by  driving,  without  destroying  the  covering.  The  rest  of 
the  wells  were  of  i^erforated  tile ;  to  put  these  down,  an  outer 
casing  about  one  foot   larger  than  the  tile  was  sunk  two  feet 
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deeper  than  intended  for  the  depth  of  the  well,  two  feet  of  th^ 
bottom  was  filled  with  gravel,  the  tile,  of  which  about  four  feet 
was  perforated  having  been  previously  cemented  in  the  joints, 
was  now  carefully  placed  in  the  center  of  the  easing  and  filled  in 
with  gravel  to  about  two  feet  above  the  perforations.  The  outer 
tube  being  now  withdrawn  left  the  tile  bedded  in  gravel.  These 
were  the  best  and  cheapest.  All  the  wells  were  sunk  ten  feet 
below  the  water  surface  in  the  sand. 

The  reason  of  describing  this  plant  at  length,  is  that  in 
several  cases  groups  of  wells  like  those  driven  alongside  the 
Brooklyn  aqueduct  have  been  tried  on  the  Atlantic  seaboard  and 
some  of  them  have  proved  failures.  The  reason  may  be  found  in 
the  actions  of  the  well  cited  as  used  for  the  supply  of  tug  boats. 

Where  wells  are  connected  directly  to  the  pumping  plant 
it  can  be  readily  seen  that  those  nearest  the  pumps,  by  reason  of 
diflerence  in  friction,  will  be  drawn  ou  most  heavily,  and  the 
pumps  can  not  discriminate,  therefore  a  depletion  may  occur 
which  will  lower  the  ground  water  so  much  as  to  bring  in  sea 
water. 

With  the  open  wells  the  whole  plant  can  be  examined  and 
tested  at  any  time,  and  if  any  well  is  yielding  bad  water  it  can 
be  stopped  without  interfering  with  the  rest. 

I  believe  that  I  am  the  inventor  of  this  system,  and  that 
it  does  not  interfere  with  any  of  the  driven  well  patents.  You  can 
dig  the  wells  in  any  way  you  please,  and  are  entirely  welcome  to 
any  information  which  this  may  give.  I  have  not  taken  out  any 
patents  on  it. 

With  regard  to  quality,  we  have,  unfortunately,  as  uncer- 
tain a  problem  as  in  quantity.  Filtration  presupposes  no  object- 
ionable qualities  in  the  filtering  medium.  At  Kalamazoo,  Mich., 
the  writer  placed  pumps  over  a  natural  spring  which  has  been 
enlarged  into  a  well,  the  flow  was  from  sand,  the  water  of  crj'stal 
clearness,  but  so  hard  that  it  would  deposit  incrustations  of  lime 
on  pebbles  in  the  stream. 

In  the  valley  of  the  Missouri  and  Kansas,  at  Kansas  City, 
hundreds  of  wells  have  been  driven  and  sunk  in  the  all  a  vial 
bottom  land,  and  the  apparent  character  of  the  sand  deposit 
which  they  penetrate  would  seem  to  insure  good  water,  but  not 
one,  so  far  as  the  writer  has  knowledge,  has  given  water  of  a 
satisfactory  quaUty. 

In  sinking  the  sunk  well,  at  Quindaro,  for  the  supply  of 
Kansas  City,  we  found  the  water  raising  "and  falling  with  the 
Missouri,  some  600  feet  distant ;  the  well,  30  feet  in  diameter,  was 
able  to  yield  some  500  gallons  per  minute,  but  notwithstanding 
it  has  been  pumped  all  this  year,  with  a  steam  pump,  for  the  sup- 
ply of  all  the  works,  at  times  furnishing  over  100  masons  and 
concrete  men,  it  retains  its  characteristic  taste  and  the  men  will 
not  drink  it. 

All  along  the  Missouri,  wherever  I  have  learned  of  the 
characteristics  of  the  ground  water,  the  same  report  comes  of 
unfitness  for  supply.  Along  the  Mississippi,  below  St.  Louis, 
where  the  planters  thought  they  had  solved  the  question  of 
water  supply  by  driving  wellf»,  the  outbreak  of  ague  followed 
their  use,  and  they  had  to  be  abandoned. 

It  does  not  seem  possible  that  all  the  wells  so  driven  have 
proved  bad,  but  the  reports  which  the  writer  has  heard  for  the 
last  dozen  years  have  been  remarkably  uniform. 


The  writer  therefore  considers  natural  filtration  a  very 
uncertain  dependence,  best  probably  where  the  distance  trav- 
ersed by  the  water  is  least,  and  depending  very  much  on  the 
purity  of  the  filtering  medium. 

In  some  localities  valuable  supplies  may  be  had  from  such 
sources,  but  in  the  alluvium  of  our  southern  and  western,  rivers 
such  a  supply,  if  obtained,  is  liable  to  be  doubtful  in  quality. 

Me  Gardner  : — 1  think  it  would  be  liighly  interest- 
ing to  all  who  were  not  at  our  last  meeting  to  hear  a 
description  of  the  present  water  supply  at  Denver. 

Mr.  Beach  : — At  the  convention  held  at  Denver  last 
year  we  were  most  pleasantly  entertained  by  the  Denver 
water  company.  We  were  taken  through  the  pumping 
works  and  shown  its  perfect  condition,  and  to  their  reser- 
voir, where,  by  the  aid  of  the  electric  light  dropped  into 
the  water,  the  fish  were  plainly  visible  at  a  depth  of  eight 
to  ten  feet.  From  there  we  were  taken  to  the  source  of 
their  supply,  about  four  miles  up  the  river.  The  water 
supply  of  that  city,  which  is  one  of  the  clearest  and  purest 
in  this  country,  is  taken  directly  from  the  Platte  river  by 
means  of  underground  galleries,  about  fifteen  feet  below 
the  surface.  These  galleries,  as  I  understand  them,  consist 
of  branch  pipes  or  conduits  of  wood,  branching  off  at  an 
angle  or  Y  shape  from  the  main  conduit.  These  are  per- 
forated with  an  auger  to  admit  the  water  which  percolates 
through  the  gravel.  At  the  junction  of  these  galleries 
with  the  main  conduit  wells  are  placed  through  which 
either  may  be  entered  for  examination  or  repairs.  In  the 
event  of  the  closing  of  the  auger  holes  or  insufiiciency  of 
supply  it  is  but  a  simple  matter  to  add  more  holes.  From 
these  galleries  the  water  is  carried  through  a  forty-eight 
inch  conduit  to  a  reservoir  with  capacity  of  twelve  million 
gallons,  which  is  located  at  the  pumping  station.  These 
galleries  or  conduits,  which  are  of  wood,  are  made  with 
staves  and  hooped  as  a  barrel.  The  fiow  is  from  ten  to 
twelve  million  gallons  per  day.  This  system,  I  am  told,  is 
the  invention  of  their  Chief  Engineer,  Mr.  Charles  P.  Allen. 
It  seems  to  be  a  perfect  system,  and  there  is  no  doubt, 
whatever,  but  that  in  this  case  the  water  obtained  is  by 
percolation  through  the  underlying  sand  and  gravel  from 
the  Platte  river.  Whether  a  similar  system  would  be 
practical  at  another  place  is  a  question. 

The  author  of  the  paper  just  read  spoke  of  the 
water  of  the  Missouii  Valley.  We  have  a  well  at  Pierre, 
Dakota,  on  the  bank  of  the  Missouri  river,  the  water  in 
which  rises  and  falls  with  the  river. 
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We  first  sunk  a  well  which  we  found  too  shallow,  the 
water  given  was  in8u£Bcient  to  supply  the  pumps ;  we  then 
went  thirty  feet  deeper  through  sand  and  gravel,  and  the 
additional  water  thereby  secured  necessitated  the  increas- 
ing of  the  pumping  capacity,  which  has  reached  one  million 
and  a  quarter  gallons  in  twenty- four  hours.  When  the 
Missouri  river  is  at  its  very  lowest  point  we  have  plenty  of 
water.  The  well  is  practically  inexhaustible,  and  the  water 
is  found  to  be  as  pure  as  ground  water  can  be. 

After  running  steadily  for  two  years  we  cleaned  out 
the  reservoir,  finding  not  over  a  pint  of  sand,  which  was 
the  only  sediment  we  found. 

My  experience  is  that  where  it  can  be  had  natural 
filtration  is  equal  to  any  filtration  that  can  be  maintained. 

I  would  like  to  hear  from  Mr.  Troy. 

Me.  Troy  : — Our  well  at  Pierre,  Dakota,  was  sunk 
one  hundred  and  fifty  feet  from  the  bank  of  the  river,  and 
was  at  first  sunk  slightly  below  the  low  water  line  of  the 
river ;  this  not  giving  a  sufficient  supply  of  water  we  sank 
another  well  inside  the  first  one ;  the  latter,  a  well  of  seven 
feet  in  diameter  to  a  depth  of  twenty  feet  below  the  bed 
of  the  stream  ;  the  top  was  covered  with  wire  gauze  of 
sixty  meshes  to  the  inch,  through  which  all  the  water 
passes.  We  have  found  that,  with  the  river  at  its  lowest 
stage,  it  was  impossible  to  pump  it  dry.  The  water  is  as 
clear  as  crystal,  and  a  chemical  test  has  proven  it  to  be 
practically  the  same  as  that  of  the  river. 

The  material  through  which  the  well  is  sunken  is 
coarse  gravel  from  the  size  of  a  pea  to  that  of  a  hen  egg. 

Mr.  Gardner  : — I  have  noticed  that  there  is  a  crust 
forms  on  the  banks  of  the  lower  part  of  the  Mississippi 
that  makes  it  almost  impossible  for  the  water  to  percolate 
through  it. 

Some  two  years  ago  the  Electric  Light  Company  at 
New  Orleans  dug  two  wells  within  800  feet  of  the  margin 
of  the  river  ;  they  got  an  abundant  supply  of  water,  but 
it  was  not  river  water ;  it  was  surface  water,  and  not  per- 
colation from  the  river  at  all.  The  deposits  from  all  the 
vaults  of  this  establishment  go  into  the  well  and  is 
purified  by  artificial  sand  stone  filters. 

It  depends  altogether  upon  the  locality  and  the 
neighborhood  of  the  stream  whether  you  get  percolation. 

Mr.  Hodgkins  : — I  have  never  had  very  much  ex- 
perience in  this  matter,  but  the  remarks  of  the  gentlemen 
prompt  me  to  ask  them  to  throw  a  little  Ught  on  this 
question,  Why  is  it  that  these  wells  are  placed  near  the 
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bank  of  a  river  ?  Second — What  object  can  there  be  in 
taking  the  water  throujsjh  the  well  at  all  ?  The  answer 
that  comes  to  my  mind  is,  that  the  water  percolates  from 
the  streams.  I  never  thought  that  the  water  in  the  well 
rose  and  fell  with  the  water  in  the  streams.  My  own  ex- 
perience leads  me  to  think  that  the  reason  they  are  located 
on  the  banks  of  the  river  is  that  the  water  may  be  taken 
either  from  the  well  or  the  river  without  moving  the 
machinery.  I  have  never  been  able  to  discover  any  better 
reason  for  it. 

Xow  the  question  as  to  whether  the  water  comes  from 
the  stream  into  these  wells :  I  have  an  engineer  at  Peosta, 
who  complained  that  he  could  not  get  any  water;  that  the 
water  flowed  from  the  well  into  the  stream ;  and  we  had 
to  make  an  open  channel  before  we  could  get  any.  Now,  if 
it  is  a  fact  that  we  do  get  river  water,  what  do  you  want 
with  a  well  ?     Why  don't  you  run  your  pipe  into  the  river  I 

Mr.  Briggs. — If  the  gentleman  were  familliar  with 
the  waters  of  the  Mississippi,  Kansas  and  Missouri  rivers, 
he  would  know  why  the  water  was  taken  through  wells, 
and  not  direct  from  the  river.  For  the  benefit  of  those 
not  so  informed  I  will  state  that  for  a  good  portion  of  the 
year,  the  water  is  fearfully  muddy,  and  in  pumping  from 
the  river,  to  get  a  little  icater,  you  must  take  a  great  deal 
of  mud.  We  therefore  sink  wells  with  the  hope  that  we 
can  draw  the  water  through  the  gravel  and  leave  the  mud 
behind. 

Mr.  Einker. — In  the  majority  of  the  Kansas  rivers, 
the  gentleman  refers  to,  the  water  is  better  before  it 
passes  through  these  filters  than  after ;  the  same,  I  think, 
may  be  said  of  the  rivers  of  Minnesota.  Take,  for 
instance,  the  sun-cured  water  of  the  Minnesota  river  and 
it  is  better  and  clearer  than  the  water  which  percolates 
through  the  soil  or  from  the  lakes.  We  have  a  great 
many  lakes  in  Minnesota,  and  the  question  frequently 
arises  as  to  the  propriety  of  taking  this  lake  water  for 
domestic  supply,  on  account  of  its  purity.  You  can  get 
the  water  from  any  of  these  lakes  within  a  radius  of  forty 
or  fifty  miles,  but  we  find  that  this  water  taken  from 
almost  any  depth,  is  polluted  with  the  fungus  or  vegetable 
growth,  which  has  decomposed  in  the  lakes. 

I  am  a  little  inclined  to  feel  as  Mr.  Hodgkins.  Why, 
if  water  from  the  river  is  the  best,  do  you  not  take  it 
directly  from  there,  and  resort  to  artificial  methods  to  get 
rid  of  the  mud  carried  in  suspension  ? 
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Mr.  Espy: — We  tried  the  experiment,  at  Wilkeebarre, 
of  sinking  a  well  a  short  distance  from  the  river.  We 
found  the  water  freed  from  vegetable  matter,  which  was 
found  to  a  certain  extent,  but  it  did  not  filter  out  one-half 
of  the  mineral  impurities.  The  Susquehanna  river,  as  you 
probably  know,  is  quite  heavily  charged  with  sulphur,  iron 
and  other  minerals,  and  I  do  not  believe  there  is  any  such 
thing  as  filtering  them  out,  certainly  not  by  this  form  of 
natural  filtration.  If  there  is,  and  any  gentleman  here  can 
inform  me  on  the  subject,  I  would  be  pleased  to  hear 
from  him. 

Mr.  Denman  : — One  gentleman  asked  why  we  put 
the  wells  near  the  bank  of  a  river,  I  briefly  answer  that 
we  do  not.  A  well  has  no  business  near  the  bank  of  a 
river,  except  as  a  matter  of  convenience.  The  city  I 
came  from  is  now  somewhat  noted  for  its  pure  water,  but 
it  was  quite  different  a  few  years  ago,  when  our  water  was 
roily  and  impure.  We  found  refuge  and  safety  in  the 
use  of  ground  water  furnished,  (if  you  please),  by  means 
of  natural  filtration.  We  dug  a  well  fifty  feet  in  diameter 
and  thirty-six  feet  deep,  but  did  not  get  near  water  enough 
to  supply  the  city.  We  had  recourse  to  the  river  into 
which  flows  all  the  drainage  from  barn  yards  and  from  the 
farms  above. 

It  seems  to  me  that  there  is  no  stream  so  liable  to 
pollution  as  a  river  flowing  through  an  improved  country. 
As  I  have  said,  our  well  was  not  sufficient,  and  our  directors 
were  at  their  wits'  ends  as  to  how  they  could  supply  the 
deficiency. 

We  were  doing  the  best  we  knew  how.  We  were 
unrestricted  by  want  of  means.  The  only  restriction  was 
in  lack  of  facilities.  Our  directors  were  racking  their 
brains  for  a  plan  by  which  the  city  could  be  adequately 
supplied  with  water,  and  they  finally  determined  to  con- 
struct another  well,  but  before  doing  this  an  ofilcer  of  the 
company  was  sent  to  visit  other  cities,  consult  hydraulic 
engineers  and  generally  post  himself  on  the  subject  of 
water  supply.  Dayton,  Columbus  and  other  cities  were 
visited  with  much  profit.  In  a  New  York  publishing 
house  (Van  Nostrand  &  Co.)  was  found  the  ninth  annual 
report  of  the  Massachusetts  Board  of  Health,  prepared 
by  the  late  Professor  Wm.  Eipley  Nichols,  and  in  which 
was  found  a  very  valuable  paper  comprehending  the  sub- 
ject of  ground  water.  Our  board  decided  upon  the  gallery 
or  conduit  system,  and  this  has  been  in  successful  operation 
since  September,  1883,  and  has  furnished  all  the  water 
pumped  to  the  city  of  Des  Moines  since  that  date.    Our 
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gallery  is  about  eleven  hundred  feet  long,  constructed  of 
white  elm,  and  runs  through  a  bed  of  coarse  gravel  which 
is  reached  at  a  depth  of  about  twenty  feet  below  the 
surface.  It  is  apparently  furuishing  more  water  now  than 
at  first.  The  tlo>v  has  been  but  little  diminished  and  never 
reached  the  danger  line  during  the  long  and  unprecedented 
drought  of  the  last  eighteen  months.  We  are  not  appre- 
hensive of  the  clogging  of  the  gallery,  as  our  friend  Pearsons 
has  suggested  might  occur.  On  Long  Island  Sound  the 
fishermen,  after  a  long  day  spent  in  fishing,  coming  to  the 
shore  tired  and  thirsty,  dig  away  the  sand  and  find  a  spring 
of  clear  and  beautiful  water  which  is  covered  twice  each 
day  by  the  tide.  We  see  no  reason  why  a  gallery  running 
through  the  sand  should  be  any  more  likely  to  clog  than 
these  springs.  We  believe  that  we  get  no  water  from  the 
river  into  our  gallery,  and  indeed  it  is  questionable  whether 
a  well  dug  in  the  middle  of  the  river  and  the  flowing  water 
excluded,  would  produce  a  particle  of  river  water. 

By  your  permission,  I  will  read  a  paper  sent  me  by 
W.  C.  Conant,  of  New  York,  entitled, 


'-NATURAL  FILTRATION'  REPRODUCED. 

Natural  Filtration  is  a  subject  of  immense  importance,  for 
it  is  certain  to  be  the  basis  of  any  effective  means  for  purifying 
M-ater  artificially.  It  is  also  a  subject  of  the  freshest  interest  at 
present,  from  the  fact  that  we  are  but  just  begfinninar  to  under- 
stand it  and  apply  it.  Not  having  had  the  privilege  of  hearing 
the  regular  paper,  by  Mr.  Pearsons,  I  hope  that  in  presenting  a 
modified  aspect  of  his  theme,  I  shall  be  pardoned  if  I  uncon- 
sciously repeat  or  impugn  anything  already  said. 

When  we  come  to  understand  how  complex  a  process  is 
natural  filtration,  and  how  fine  and  rare  is  its  standard  product, 
we  are  impressed  by  the  obvious  fact  that  natural  filtration,  like 
natural  vegetation,  was  not  intended  for  man's  ultimate  supply, 
but  was  given  as  a  model  for  him  to  follow,  fill  up  and  perfect,  in 
his  great  office  as  the  intellij^ent  head  and  lord  of  the  creation. 
Rare  specimens  only  of  perfect  water  are  found,  even  by  boring 
thousands  of  feet  into  the  earth.  Of  tolerably  pure  and  whole- 
some water  it  is  impossible  to  find  ready  made  supplies  for  our 
growing  and  multiplj^ing  cities.  But  it  is  open  to  us  to  learn  how- 
Nature  produces  her  very  choicest  waters,  and  to  do  the  same. 
(After  having  done  this,  a  harder  task  remains,  to  get  the  fact 
accepted  by  the  public.) 

It  has  been  thought  that  water  was  simply  strained  pure, 
through  sand  and  rock  filters.  It  is  now  well  known  that  filters 
by  themselves,  whether  in  nature  or  in  art,  cannot  cleanse  water 
of  the  worst  of  its  chemical,  organic  or  organized  contents.  It 
has  been  thought  that  water  might  be  purified  by  distillation, 
and  that  hence  rain  should  be  very  good  water.  But  the  chemist 
who  requires  strictly  pure  water  must  guard  against  volatile 
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impurities  that  "will  go  over  in  the  aqueous  vapor,  and  that  do 
arise  in  the  clouds,  and  descend  upon  the  earth,  in  vast  quan- 
tities, from  innumerable  sources  on  land  and  sea.  Every  inch  of 
rain  that  falls  on  a  square  mile  of  ground  carries  in  it  tons,  liter- 
ally tons,  of  impurities,  of  every  imaginable  kind  ;  both  such 
as  have  risen  in  the  vapor  itself  and  such  as  it  has  gathered  from 
the  atmosphere.  Prof.  Chai'les  Mayr  says  that  in  such  an  inch 
of  rain  there  will  be  nearly  half  a  ton  of  salt  alone,  and  an  ap- 
preciable weight  of  silver,  among  other  minerals,  and  all  man- 
ner of  soluble  gases,  etc.,  in  immense  volume.  Rain  water,  after 
all,  is  nature's  dishwater,  from  washing  the  great  bowl  of  the 
atmosphere,  that  else  would  be  a  poisoned  bowl  for  every  ani- 
mated creature. 

Again,  boiling  has  been  and  is  still  much  recommended  as 
a  means  of  making  water  wholesome.  But,  like  the  other 
methods,  this  is  only  a  partial  remedy.  Sir  Benjamin  Brodie 
tells  us  that  organic  impurities  are  destroyed  only  by  boiling  tn 
corrosive  acids  ;  and  according  to  Frankland,  organic  germs  are 
many  of  them  unattected  by  high  degrees  of  heat  or  the  most 
powerful  disinfectants. 

Finally,  oxidization  is  a  cure-all,  according  to  some  preten- 
tious authorities.  Oxygen  decomposes  almost  everything ;  but 
atmospheric  oxygen  is  fortunately  neither  active  enough  to  purify 
water  in  a  hurry,  nor  intrusive  enough  to  penetrate  it  in  force 
without  great  pressure ;  otherwise  there  would  be  little  left  of 
nature  or  man  but  oxides  and  ashes.  A  cast  iron  stove  might  be 
reduced  to  dust  by  oxygen,  in  time,  and  so  might  the  impurities 
of  water  be  transformed  ;  but  is  doubtful  whether  even  exposed 
and  agitated  water  would  not  usually  absorb  fresh  impurities 
from  the  atmosphere,  in  most  situations,  about  as  fast  as  the  oxy- 
gen of  the  atmosphere  would  eliminate  them.  Free  oxygen,  with 
which  chemists  determine  impurities,  is  not  employed  in  nature. 
The  amelioration  of  polluted  streams  in  the  course  of  their  flow, 
once  hastily  attributed  by  some  to  oxidization,  must  be  otherwise 
accounted  for,  if  chemical  experiments  tell  the  truth  ;  and  there 
are  not  wanting  a  number  of  conditions  in  the  flow  of  streams, 
that  abundantly  account  for  all  the  purification  they  get  in  that 
process.  Besides  the  greedy  absorption  of  impurities  by  aquatic 
vegetation,  animalcula?  and  fishes  ;  besides  the  large  dilution  of 
the  growing  river  ;  besides  the  constant  exhalation  of  gases  from 
the  decomposing  filth  ;  besides  the  adhesion  of  large  accumula- 
tions to  solid  surfaces  such  as  stones  and  timber,  wherever  they 
are  encountered ;  besides  all  these  and  other  causes,  the  beds  of 
polluted  streams  bear  witness  wherever  they  are  quiet,  to  the 
precipitation  of  great  quantities  of  both  suspended  and  soluble 
matter,  through  the  agency  of  that  which  is  the  chief  auxiliary 
of  eflfective  filtration,  natural  or  artificial.  That  great  auxiliary 
has  but  recently  begun  to  be  recognized  in  the  circles  of  science 
itself.  It  is  the  chemical-reactive  and  the  mechanical-coagulative 
virtues  of  the  mineral  salts  that  are  universally  distributed  in 
the  soil  (whence  they  are  constantly  washed  into  streams )  for  the 
double  purpose  of  detaching  impurities  from  water,  and  convert- 
ing them  into  nourishment  for  the  finer  orders  of  life.  The  salts 
of  iron,  calcium,  potassium  and  aluminum  are  nearly  ubiquitous, 
and  the  latter  two,  usually  in  combination,  in  common  clay,  take 
the  leading  place  all  over  the  world  in  the  preparation  of  pure 
spring  and  well  waters,  wherever  they  are  found.     This  great 
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purifier  has  a  remarkable  mechanical  power  to  gather  into 
masses  the  fine  suspended  matters  which  practically  cannot 
otherwise  be  settled  or  filtered  out.  But  far  more  important  still 
is  its  chemical  agency  in  transforming  and  separating  from  water 
the  soluble  organic  contents  whose  structure  is  finer  than  the 
water  itself  and  that  will  go  wherever  the  water  can  go.  Prof. 
Kedzie  of  the  University  of  Michigan,  says  :  "The  tendency 
of  all  aluminous  compounds  to  form  double  salts,  imparts  to  clay  a 
chemical  activity  of  singular  power.  When  a  dark  colored  and 
strong  smelling  solution  of  manure  is  filtered  through  a  clay  soil, 
the  whole  of  the  coloring  and  odious  matter  is  withdrawn  from 
solution.  The  solution  is  not  only  physically  altered  :  its  chemical 
composition  is  changed  :  ammonia,  *the  soluble  phosphates  and 
most  of  the  potash,  are  withdrawn  from  solution."  In  refining 
sugar,  the  effect  of  clay  on  the  dark  and  rank  ingredients  of  the 
raw  material  is  precisely  as  above  described  It  is  related  that 
the  discovery  was  first  imade  through  the  unwelcome  intrusion 
of  some  fowls,  with  clay  on  their  feet,  upon  a  quantity  of  brown 
sugar  that  had  been  spread  out  to  dry.  It  was  observed  that  the 
clayey  feet  had  made  white  prints '  through  the  brown  sugar, 
wherever  tbey  stepped. 

So  lately  have  we  begun  to  appreciate  the  power  of  these 
grand  water  scourers  from  the  soil,  that  few  perhaps,  are  as  yet 
prepared  to  recognize  their  leading  agency  in  the  purification  of 
streams  by  the  precipitation. of  both  suspended  and  soluble  or- 
ganic pollutions.  Few  as  yet  recognize  their  indespensable  inter- 
vention to  separate  and  coagulate  such  impurities  for  immediate 
exfiltration  by  the  sub-soil  sand,  in  the  case  of  the  ground 
water  that  percolates  downward  to  supply  wells  and  springs. 
But  the  more  they  are  examined  and  tested  by  experience,  not 
only  in  the  laboratory,  but  also  on  the  largest  scale  of  practical 
operations,  the  more  we  are  impressed  with  the  marvelous 
potency  and  subtlety  with  which  very  minute  proportions  of 
these  earth  salts,  particularly  the  aluminous,  as  Prof.  Kedzie  has 
remarked,  will  pervade,  instantaneously,  large  quantities  of  wa- 
ter. What  becomes  of  them,  is  a  question  that  need  not  be  asked 
by  any  one  who  has  looked  into  an  elementary  school  book,  so 
far  as  to  apprehend  one  of  the  most  palpable  results  of  a  chemi- 
cal reaction — the  disappearance  of  the  transforming  re-agent  in 
the  new  and  totally  diflTerent  substance  produced.  With  the 
exception  of  the  calcium  and  magnesium  salts,  and  occasionally 
the  iron,  there  is  hardly  ever  in  refined  natural  water  any  sensi- 
ble trace  of  the  refining  ag  mt ;  which  seems  to  be  always  just 
enough,  simply  because  an  infinitesimal  proportion  suffices, 
which  would  not  be  perceptible  even  if  wholly  left  in  the  water. 

Indispensable,  however,  as  the  soil  chemicals  are  for  per- 
fect filtration,  it  must  be  acknowledged  that  sand  and  coke, 
properly  ►employed,  seem  to  develop  purifying  powers  that  have 
not  been  appreciated  nor  accounted  for.  Recent  developments 
are  remarkably  significant  on  this  point.  Dr.  Frankland  s 
biological  tests  of  filtration  for  the  exclusion  of  micro-organisms 
are  astounding  to  our  preconceived  philosophy  of  the  subject. 
Notwithstanding  that  these  germs  are  so  much  smaller  than  the 
interstices  of  the  filtering  materials  that  they  might  play  hide 
and  seek  in  the  labyrinths  with  the  greatest  freedom.  Dr.  Frank- 
land  finds  that  very  few  pass  through  in  the  filtered  water,  and 
if  the  filter  be  loosened  up  and  cleansed  frequently,  it  is  in  good 
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measure  a  defense  against  them.  His  conclusion  is  that  since 
they  certainly  are  not  caught  in  the  crevices  between  the 
particles  of  sand  or  coke,  there  must  be  a  surface  attraction  of 
those  particles,  which  causes  bacteria,  as  well  as  other  suspended 
matters,  to  adhere  to  them.  In  a  certain  large  way,  this  is  in 
fact  a  matter  of  common  observation.  The  accumulation  of  muck 
and  slime  on  submerged  surfaces  is  familiar  to  everyone. 

Grouping  the  several  co-operating  agents  in  nature  that 
we  have  surveyed,  we  have  a  complete  view  of  Nature's  pure 
■water-works.  First,  the  distilling  and  pumping  works  of  the 
atmosphere,  evaporating,  conveying,  condensing  and  discharging 
a  iiartially  purified  element  from  every  source  of  moisture,  even 
the  foulest;  but  taking  by  the  way"  the  opportunity  to  wash 
itself  (the  atmosphere)  in  the  same  before  parting  with  it. 
Second,  the  chemical  works  of  the  soil,  absorbing,  transforming, 
separating  and  coagulating,  the  numerous  impurities  of  the  rain 
as  it  percolates  to  the  sub-soil  sand.  Third,  the  fine  and  compact 
sand  filter  below  the  soil,  which  is  now  able,  thanks  to  the 
chemical  works  above  it,  to  arrest  near  its  surface  the  minute 
but  no  longer  intangible  particles  that  have  been  changed  and 
coagulated  by  the  alum  in  the  clay.  I  do  not  forget  the  work  of 
other  sulphates,  of  the  carbon  and  carbonates,  of  the  phosphates, 
etc.,  but  need  only  allude  to  them,  for  the  present  purpose. 

It  is  necessary,  however,  that  we  attend  very  particularly 
to  the  filter-cleausing  apparatus  of  Nature,  without  which,  or 
its  equivalent,  no  pure  water  could  be  continuously  produced. 
This  is  the  work  of  vegetation.  Nature  accumulates  no  layer  of 
filthy  muck  on  the  upper  surface  of  her  filter  bed,  such  as  covers 
the  bottoms  of  our  "settling  basins"  and  artificial  filter  beds,  to 
make  corruption  worse  corrupted,  and  breed  both  exhalations 
and  organisms  of  the  most  noxious  character.  All  the  subsoil 
stratum  is  kept  clear  and  sweet,  purified  for  its  purifying  oflBce 
through  the  prompt  absorption  of  every  separted  and  exfiltered 
impurity  by  the  deeply  pushing  filaments  of  plant  life.  An 
artificial  filter  that  is  not,  like  this,  constantly  self-cleansing,  is  a 
danger,  rather  than  a  defense,  to  the  health  of  those  who  drink 
its  infusions. 

A  water  supplj'  that  is  muddy  with  suspended  earth  may 
be  improved  by  a  settling  basin  or  a  standing  filter  bed,  provided 
there  are  no  organic  impurities  to  speak  of.  But  when  the  water 
is  (as  usual)  more  or  less  contaminated  with  decaying  organic 
matter,  animal  or  vegetable,  the  sooner  it  goes  into  the  stomachs 
that  are  to  receive  it,  the  better  for  them.  Every  day's  detention 
in  a  settling  basin,  especially  in  summer,  serves  to  ripen  the  rot, 
and  develop  at  an  enormous  rate  its  most  pernicious  product,  the 
microbes  of  zymotic  disease.  That  which  settles  is  in  the  long 
run  most  injurious  of  all.  Nobody  who  has  smelt  the  muck  at 
the  bottom  of  a  settling  basin  or  filter  bed  should  need  evidence 
on  this  point.  To  collect  and  preserve  in  a  reservoir  of  drinking 
water,  immense  masses  of  the  worst  filth  obtainable,  as  the  bed 
and  basis  of  a  community's  drink,  is  certainly  the  strangest  of 
all  the  anomalies  of  civilization.  To  clean  out  such  a  compost 
once  in  six  months  or  a  year,  is  only  to  remove  it  after  it  has  done 
its  worst,  and  to  make  room  for  a  reinforcement  of  the  same  sort. 
The  Poughkeepsie  filter  beds  were  scraped  at  intervals  to  remove 
the  surface  accumulation  of  filth,  yet  eventually  became  so 
saturated  with  it  that  filtration  became  obstructed,  and  last  year 
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it  was  necessary  to  remove  and  renew  the  whole  bed  of  sand. 
According  to  the  report  of  Mr.  Fowler,  the  Superintendent,  the 
interstices  of  the  bed  had  become  packed  with  the  river  muck, 
through  and  through,  in  a  dense  mass-like  compact  loam,  and 
about  as  impervious  to  water.  The  bare  thought  of  drinking  an 
infusion  passed  through  such  a  mass  is  a  horror.  In  the  opinion 
of  the  best  sanitarians  at  present  such  filtration  is  worse  than 
nothing,  and  the  appearance  of  purity  in  the  watar  is  a  delusion 
and  a  snare. 

Fourth,  the  finishing  work  of  oxidization.  The  best  water 
is  that  which  has  gone  deepest  in  the  earth,  where  there  is  the 
tightest  pressure,  atmospheric  and  telluric.  Continued  and 
intensified  filtration  has  refined  it  ;  but  it  is  here,  and  not  in  its 
open-air  exposure,  before  or  after,  that  the  water  gets  eflective 
oxidization.  The  remarkable  fact  that  water  absorbs  oxygen  in 
something  like  a  geometrical  ratio  to  the  increase  of  pressure, 
coupled  with  the  other  equally  important  fact  that  under  a  cer- 
tain pressure  and  temperature  organic  germs  cease  to  exist ;  both 
these  conditions  protracted  for  the  water  by  a  long  detention  in 
the  depths  of  the  earth,  secure  the  rarest  refinement  and  also 
vitalization  of  the  element. 

Man  also  can  do  all  these  things.  Having  gathered  the 
impurities  of  rain  and  surface  water  in  the  grasp  of  chemistry, 
and  mechanically  arrested  the  massed  combinations  with  filters 
of  fine  compact  sand  and  carbon,  continually  recleansed,  we  can 
finally  put  on  all  the  pressure  of  oxygen  desired,  continue  it  as 
long  as  desired,  and  produce  water  that  will  do  new  honor  to 
nature  through  her  son  and  lord. 

The  President  : — If  there  be  no  objection  Col. 
Gardner  will  now  read  a  paper  by  J.  D.  Cook,  entitled  : 


FILTRATION  OR  SUBSIDENCE. 

THE   MOST  PRACTICABLE  AND  ECONOMICAL  METHOD  OF  OBTAIN- 
ING   A   SUPPLY   OF   CLEAR   WATER   FROM   STREAMS   CAR- 
RYING CONSIDERABLE  QUANTITIES  OP    SILT. 

In  submitting  for  the  consideration  of  the  Association  such 
thoughts  as  occur  to  me  relative  to  this  troublous  though  per- 
manently important  theme,  based  upon  somewhat  extended 
research  and  painstaking  investigation,  both  theoretical  and 
empirical,  I  am  not  unmindful  of  the  fact  that  the  subject,  not- 
withstanding its  multifarious  attributes,  may  be  considered  as 
to  some  extent  a  hackneyed  one ;  that  the  realms  of  chemical 
science  and  many  of  the  brightest  engineering  minds  have  from 
time  to  time  been  brought  in  requisition  for  its  safe  and  satisfac- 
tory solution.  Inferentially,  the  discussion  of  this  topic  neces- 
sarily takes  wider  range  than  the  comparative  merits  of  the  two 
systems  under  consideration — for  the  mere  clarification  of  turbid 
waters  from  running  streams ;  a  result  which  under  average 
conditions  can  generally  be  accomplished  by  either  process — 
variable  only  as  to  time  and  with  the  distinctive  characteristics 
of  the  objectionable  constituents  held  in  suspension,  while  solu- 
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ble  coloring  matter,  as  a  rule,  is  practically  irremovable  by 
either,  or  by  any  other  process  short  of  chemical  agency.  In 
the  case  of  ordinary  filtration,  the  theory  seems  a  tenable  one, 
that  under  certain  conditions,  such  as  long  usage,  unfrequent 
cleansing,  &c.,  the  filter,  while  uniformly  producing  limpidity 
and  apparent  purification,  may  in  reality  become  a  dangerous 
source  of  contamination.  The  fact  of  effective  filtration  of  sedi- 
mentary water  pre-supposes  a  proportionate  clogging  of  the 
filter — gradually  though  steadily  reducing  its  filtering  capacity, 
by  retaining  the  lees  or  residuum  within  the  interstices  of  the 
filtering  material — a  portion  of  which,  if  not  speedily  and  thor- 
oughly removed,  tend  to  harden  and  become  attached  to  the 
material — permanently  retarding  the  flow,  while  another  por- 
tion is  subject  to  decomposition  into  soluble  gases,  their  nature 
and  origin  depending  upon  the  primal  nature  of  suspended 
impurities,  whether  mineral,  vegetable  or  animal,  and  contami- 
nating the  subsequent  filtrate  with  constituents  vastly  more 
harmful  and  also  irremovable  by  any  process  short  of  actual  dis- 
tillation. 

It  is  claimed  with  more  or  less  semblance  of  logic  that 
organic  impurities,  or  the  major  portion  of  them,  are  absorbed 
and  neutralized  by  the  use  of  charcoal,  animal  and  vegetable, 
"spongy  iron,"  coke,  &c.,  as  a  filtering  material,  that  such 
material,  especially  charcoal  and  possibly  coke,  will  absorb  gases 
to  the  extent  of  about  eighty  times  its  own  volume.  Neverthe- 
less we  are  unable  to  reach  anything  like  a  satisfactory  formula 
for  determining  the  volume  of  water  that  will  be  actually  puri- 
fied through  such  agency ;  or  the  length  of  time  required  for 
charcoal  to  become  fully  charged  and  inoperative  as  a  purifying 
agent, — when  it  will  cease  to  act  chemically  and  become  like 
sand  or  other  filtering  material,  simply  a  strainer  for  removing 
suspended  sediments,  conditions  which  can  only  be  determined 
by  analysis ;  conditions  under  which  the  filter  would  produce 
the  two-fold  result  of  simultaneous  clarification  and  contamina- 
tion. The  somewhat  generally  accepted  theory  that  limpidity 
means  purity  being  demonstrably  illusive,  as  some  of  the  clear- 
est waters  are  notoriously  the  most  impure  ;  the  outflow  from  a 
sewer,  for  instance,  excepting  in  times  of  flood  and  during  flush- 
ing, cleansing,  &c.,  is  usug-lly  "crj^stal  clear,"  while  carrying  in 
solution  the  most  dangerous  constituents. 

The  great  difficulty  and  danger,  therefore,  in  artificial  fil- 
tration is  due  to  the  frequent  necessity  for  thoroughly  cleansing 
the  filtering  material.  In  adverting  to  this  all  important  and 
vital  desideratum,  I  am  reminded  of  the  following  editorial  in 
the  Sanitary  Era,  October  2d,  1886,  which  seems  worthy  of  re- 
production : 

"It  is  long,  even  in  our  own  memory,  that  filters  of  various 
kinds  have  been  recommended  and  sold,  tried  and  found  want- 
ing. The  best  report  of  them  was  that  they  worked  nicely  for  a 
while,  but  the  inevitable  sequel  was  a  failure.  The  result  of  all 
this  experience  is  what  might  have  been  expected  :  those  who 
have  had  the  most  to  do  with  filters,  those  who  need  them  most, 
those  who  were  once  the  most  hopeful  of  benefit  from  th(>m,  and 
those  who  are  now  most  invincibly  prejudiced  against  every  evi- 
dence of  successful  filtration,  are  generally  the  same  parties.  *^* 
The  great,  persistent  element  of  failure  in  filtration  has  been  the 
saturation  of  the  filtering  medium  with  impurities,  for  want  of 
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any  way  to  keep  it  clean  while  acting  as  scavenger  to  foul  water. 
There  were  ways  more  or  less  i^racticable  to  clean  the  filtering 
medium  or  to  substitute  a  fresh  one.  But  to  clean  it  after  it  is 
fouled,  is  not  the  thing;  we  must  keep  it  from  being  fouled. 
They  clean  (or  call  it  cleaning)  their  filthy  filter  beds  in  Europe, 
once  in  a  few  months,  by  scraping  off  the  surface  acres  of  putres- 
cent muck,  and  covering  the  somewhat  less  offensive  mass  be- 
neath with  a  layer  of  fresh  sand." 

It  is  both  improper  and  far  from  my  purpose  in  the  neces- 
sarily hasty  preparation  of  this  paper,  either  to  portray  the 
merits  or  to  criticise  the  demerits  of  the  several  antecedent  or 
present  devices  for  artificial  filtration.  The  older  and  still  the 
more  extensive  systems  havinsr  been  designed  by,  and  con- 
structed under  the  supervision  u:"  engineers  of  great  experience 
and  universally  acknowledged  ability — some  of  whose  names  are 
still  among  the  most  honored  in  the  profession — while  the  more 
modern  devices  are  generally  covered  by  letters  patent,  and  ably 
represented  by  corporate  associations.  This  has  had  the  effect 
to  largely  transfer  a  troublesome  problem  from  occasional  engi- 
neering practice  into  a  specialty,  resulting  in  a  wider  range  and 
more  persistent  thought,  investigation  and  experiment. 

Without  intentional  partisanship  or  discrimination,  it  may 
not  be  amiss  to  mention  in  this  connection,  what  is  termed  the 
"Hyatt  Pure  Water  System,"  a  system  which  is  doubtless  more 
or  less  familiarly  known  to  most  or  all  members  of  the  Associa- 
tion. It  is  claimed  to  possess  the  triple  characteristics  of 
coagulation,  filtration  and  aeration,  using  alum  as  a  coagulant 
for  the  purpose  of  concentrating,  solidifying  and  rendering  insol- 
uble the  more  objectionable  constituents  in  the  water,  which  are 
afterwards  arrested  in  the  filtering  material  of  sand  and  com- 
minuted coke,  after  which  the  filtered  water  is  charged  with 
atmospheric  air  under  pressure,  for  the  purpose  of  oxidizing  and 
destroying  the  remaining  organic  impurities.  The  cleansing 
process  consists  in  so  manipulating  valves  as  to  force  clear  water 
through  the  material  in  reverse  currents,  raising,  intermingling 
with  and  passing  rapidly  through  the  filtering  material,  with 
the  view  of  removing  the  coagulated  impurities,  by  attrition  and 
abrasion,  and  discharging  them  into  outlet  drain  pipes. 

The  use  of  this  or  any  other  known  or  established  system 
of  artificial  filtration,  in  connection  with  water  works  dejiending 
upon  direct  pumping  or  ordinary  stand-pipe  service,  would 
necessitate  a  filter  ng  capacity  equal  to  the  quantity  of  water 
required  during  fire  service,  or  a  storage  capacity  suflicient  to 
meet  such  contingencies  ;  otherwise  the  pipe  distribution  would 
at  times  be  filled  with  unfiltered  water — hable  to  prove  not  only 
objectionable,  but  also  incur  more  or  less  expense  and  delay  in 
blowing  off'  and  re-filling  with  filtered  water.  In  either  case  a 
low  service  pump  to  suj^ply  the  filter  would  doubtless  be  found 
a  necessary  adjunct,  owing  to  the  danger  of  subjecting  a  large 
filter  to  fire  pressure,  and  the  inetficiency  of  filtration  under  such 
extraordinary  conditions,  accelerated  velocity,  &c. 

This  subject  may  be  regarded  as  an  endless  one,  taking  in 
its  range  an  almost  illimitable  field  of  research,  (of  experiment,)  of 
theory  and  of  empirical  results  ;  and  while  it  seems  safe  to  as- 
sume, as  one  of  the  well  learned  lessons  of  the  past,  that  arti- 
ficial filtration  on  a  large  scale  has  as  a  rule  proven  more  or  less 
unsatisfactory,  owing  to  the  intervention  of  apparently  unsur- 
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mountable  obstacles  ;  it  may  be  equally  unwise  to  assume  that  a 
result  upon  which  the  well  being  of  so  many  munlcipaUties  is 
largely  dependent  can  never  be  attained. 

In  contemplating  Nature's  grand  system  for  supplying 
water — so  indispensably  necessary  to  the  comforts  and  needs  of 
mankind — we  are  naturally  impressed  with  the  manifold  phases 
which  characterise  the  subject — evaporation,  condensation  and 
descent  as  rain-fall — constant  and  unceasing  transition  from 
pollution  to  purification,  and  vice  versa.  Atmospheric  pollutions 
begin  to  attack  it  simultaneously  with  the  commencement  of  its 
descent  as  rain-fall,  generally  with  soluble  compounds,  organic 
and  inorganic.  Terrestial  contaminations  are  carried  from  the 
surface  into  running  streams.  Subterranean  constituents,  harm- 
ful and  otherwise,  and  of  mineral,  vegetable  and  animal  origin, 
are  taken  in  solution  during  its  percolation  into  the  earth — de- 
pending for  the  intensity  of  objectionable  elements  u^Don  the 
degree  of  earth  pollution.  But  in  considering  the  question  within 
the  scoj)e  of  this  topic,  we  have  only  to  deal  with  the  two  former 
sources  of  contamination  ;  and  Anally,  the  efficiency  of  subsi- 
dence as  compared  with  filtration.  Each  is  claimed  as  an  assimi- 
lation of  nature,  and  each  requiring  artificial  attention  when 
applied  to  the  purification  of  a  public  water  supply.  In  the  one 
case  the  sediments  are  arrested  by  filtering  material,  in  the  other 
precipitated  to  the  bottom  of  the  subsiding  reservoir.  In  the  one 
case,  if  left  to  decompose,  increased  and  irremediable  pollution 
will  follow ;  and  in  the  other,  equally  deleterious  results  will 
characterize  the  decomposition  into  soluble  gases,  which,  under 
the  influence  of  capillary  attraction  and  variable  temperature, 
may  again  permeate  and  intermingle  with  the  water,  until  ulti- 
mately drawn  to  the  surface  and  neutralized  by  atmospheric 
oxygen.  In  order  therefore  to  properly  and  safely  realize  the 
purifying  attributes  of  either  system,  both  the  arrested  sedi- 
ments in  the  filter  and  the  precipitate  in  the  subsiding  reservoir, 
should  be  thoroughly  removed  in  advance  of  the  possible  com- 
mencement of  decomposition. 

Another  point  of  more  or  less  significance  is  found  in  the 
fact  that  with  ordinarily  turbid  water  successful  filtration  can 
be  greatly  augmented  by  preliminary  subsidence.  On  the  other 
hand,  and  aside  from  the  question  of  limpidity,  the  filter  may 
prove  an  important  adjunct  to  the  subsiding  reservoir. 

"The  filter  bed  equally  intercepts  and  removes  the  fine 
vegetable  fibers  and  the  minute  organisms,  vegetable  or  animal, 
which  in  all  river  waters  prevail  more  or  less  during  certain  of 
the  summer  months.  The  removal  of  this  class  of  impurities  is 
getting  to  be  considered  in  England  and  elsewhere,  as  of  as  much 
importance  as  the  removal  of  the  sedimentary  uncleanness,  which 
is  more  apparent.  During  certain  of  the  summer  months,  when 
the  rivers  usually  carry  but  little  sediment,  this  forms  the  chief 
beauty  of  the  filter  beds.  The  surface  of  the  sand  becomes  oc- 
casionally as  much  impeded  with  this  matter  as  with  the  earthy 
sediments  which  more  usually  clog  it,  and  it  is  of  a  nature  to 
taint  tbe  water  under  certain  conditions  more  ofl^ensively  than  the 
other.  The  sand  filters  are,  therefore,  considered  very  important 
instruments  of  purification  in  this  relation.  They  become,  indeed, 
screens  of  the  greatest  delicacy,  intercepting  all  material  im- 
purities, not  the  least  of  which  are  the  very  small  fish,  with 
which  all  waters  are  crowded  at  certain  seasons. "-J.  P.  Kirkwood, 
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A  comparatively  small,  inexpensive  filter,  designed  with 
single  reference  to  the  subservance  of  above  purposes,  would 
undoubtedly  prove  of  great  value  where  the  supi^ly  is  taken  from 
open  lakes  or  running  streams  ;  as  the  accumulation  of  "vegeta- 
ble fibers  and  minute  organisms"  as  mentioned  by  Mr.  Kirkwood, 
is  a  fact  which  comes  within  the  range  of  my  own  practice. 

In  view  of  the  great,  and  demonstrable  benefits  resulting 
from  the  prompt  and  frequent  removal  of  precipitated  sediments 
from  subsiding  reservoirs,  and  the  well  known  annoyance, 
expense  and  delay  incident  to  cleansing  them  by  former  ordinary 
methods,  I  have  adopted  in  recent  practice  a  system  of  under 
drainage,  consisting  of  small  openings  placed  in" near  proximity 
under  the  entire  bottom  area  of  the  reservoir,  and  connecting 
them  with  pipes  (vitrified  and  ca^t  iron)  converging  to  larger 
drainage  mains,  thence  into  drain  wells  in  the  reservoir  embank- 
ments ;  all  of  which  are  connected  with  a  main  conduit  extend- 
ing safely  beyond  the  reservoir  into  open  drainage.  By  this 
process  the  entire  bottom  area  of  the  reservoir  can  be  simultane- 
ously and  frequently  drained  of  the  major  portion  of  the  de- 
posited sedniients,  with  no  other  manual  labor  or  expense  than 
the  opening  of  ordinary  valves ;  and  during  times  of  great  tur- 
bidity and  excessive  sedimentary  deposit,  the  drainage  system 
can  be  left  open,  or  sufficiently  so,  to  promote  the  constant  out- 
flow of  precipitated  impurities.  By  this  process,  also,  especially 
with  some  waters,  the  reservoir  and  its  drainage  system  can  be 
kept  in  simultaneous  service — supplying  clear  water  from  and 
near  the  surface,  while  discharging  turbid  sedimentary  water 
from  the  bottom  ;  the  several  openings  in  the  meantime  creating 
downward  currents  proportionately  accelerating  precipitation, 
and  at  the  same  time  securing  the  well  known  benefits  due  to 
agitation.  In  treating  extraordinarily  turbid  waters,  two,  three 
or  more  subsiding  reservoirs  should  be  used,  and  made  inter- 
changeable in  service — the  water  being  passed  from  one  to  tbe 
other,  and  from  the  surface — either  through  pipes,  or  preferably 
over  wide,  shallow,  overflow  weirs,  into  a  clear  water  chamber, 
thence  through  a  thin  stratum  of  filtering  material  to  the  pumps 
and  into  the  general  distribution. 

I  have  thus  endeavored  to  advert  to  the  more  salient  char- 
acteristics of  the  two  systems,  without  feeling  called  upon  to 
champion  the  one  or  to  detract  from  the  other.  Both  may  be 
said  to  have  strong  adherents,  whose  practice  and  opinions  are 
well  worthy  of  due  consideration.  For  many  years,  but  few,  if 
any,  modifications  were  made  or  sought  to  be  made  in  filtering  de- 
vices, but  within  a  comparatively  recent  period  many  inventive 
minds  have  been  turned  toward  the  discovery  of  various  and 
much  needed  improvements  with  the  view  and  hope  of  meeting 
a  long  felt  necessity.  Each  and  all  such  inventions  looking  to 
greater  safety,  efficiency  and  economy  in  this  regard  should 
receive  the  unprejudiced  attention  and  faithful  investigation  of 
engineers,  superintendents  and  others  in  charge  of  water  works 
enterprises. 

Subsidence,  too,  although  involving  Nature's  great  un- 
erring principles,  has  also  for  many  years  been  palpably  de- 
fective in  the  detail  of  design,  and  proportionately  unsatisfactory 
in  current  service.  It  is,  however,  demonstrably  susceptible  to 
improvements  and  added  appliances,  which  will  insure  perennial 
success  and  safety. 
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When  viewed  from  any  and  every  conceivable  standpoint, 
this  great  subject  is  fraught  with  an  importiince  second  to  none, 
if  equalled  by  any  of  the  almost  countless  questions  with  which 
you  have  to  deal,  during  your  incessant,  perplexing  and  arduous 
home  dnties,  or  that  can  come  within  the  purview  of  your  joint 
deliberations. 

Mr.  Gardner, — I  have  been  requested  to  follow  Col. 
J.  D.  Cook's  paper  with  some  remarks  on  the  general  sub- 
ject of  Filtration  and  Subsidence,  but  I  do  not  know  that 
I  can  add  anything  to  the  opinions  I  have  heretofore  ex- 
pressed before  this  Association  and  otherwise.  Xor  have 
I  made  further  experiments  in  support  of  my  views  than 
those  described  in  a  paper  written  for  and  published 
in  the  Scientific  American.  I  have  had  some  copies  of  this 
paper  struck  off  for  distribution  at  this  meeting,  and  I 
hope  the  perusal  may  interest  you. 

The  most  casual  reader  of  current  literature  on  the 
subject  of  water  purification  cannot  have  failed  to  note 
that  the  use  of  iron  is  attracting  increased  attention  in 
Europe.  It  is  notably  in  practice  at  Paris,  Berlin,  Ostende 
and  Antwerp.  The  attention  of  European  chemists  has 
been  drawn  to  it,  and  a  paper  was  recently  read  before 
the  Society  of  Arts,  (London,  England,)  giving  as  a  result 
of  scientific  observation  and  investigation  that, 

1.  The  invariable  result  is  that  the  organic  matter  is 
altered  in  its  chemical  nature,  and  the  albuminoid  ammonia 
is  reduced  from  one-half  to  one-fifth  of  its  original  amount. 

2.  The  water  is  softened.  The  scale  in  boilers  is 
greatly  reduced,  and  not  only  so,  but  becomes  open, 
friable,  and  adheres  very  loosely  to  the  boiler  plates. 

3.  Under  iron  treatment,  infusorial  life  is  to  a  large 
extent  removed  or  destroyed.  The  development  of  that 
kind  of  microscopic  life  which  causes  fermentation  and 
putrefaction  is  prevented. 

The  European  plan  for  iron  purification  contemplates 
actual  contact  with  natural  or  prepared  ore,  or  with  cast 
iron  borings  or  turnings.  Following  this,  is  a  sand  filtration 
for  eliminating  the  surcharge  of  iron.  My  preference  is 
for  the  immediate  introduction  of  a  solution  of  ii'on  into 
the  water,  and  in  such  quantity  or  to  such  extent  as 
experiment  may  have  demonstrated  as  needful  for  the 
desired  purpose,  and  no  more.  This  obviates  the  erection 
of  special  machinery  and  the  labor  and  expense  of  atten- 
tion to,  and  renewal  of  filter-beds,  to  say  nothing  of  the 
vast  area  needed  in  the  case  of  a  large  supply  for  their 
installation. 

I  am  unable  to  state  the  minimum  cost  of  a  solution 
of  iron  for  purifying  water,  but  I  feel  assured  from  the 
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result  of  my  experiments  that  a  plant  purifying  five 
million  gallons  daily  can  be  conducted  at  a  running  cost 
much  within  one  cent  per  thousand  gallons.  There 
remains  to  be  discovered  and  demonstrated  a  filtering 
process  or  device  of  equal  reliability  and  economy  for  a 
large  public  supply. 

At  a  meeting  of  the  Philadelphia  Engineers'  club,  in 
January  last,  there  was  presented,  with  elaboration  and 
blackboard  sketches,  a  full  description  of  the  Anderson 
process,  which  involves  direct  contact  with  borings  of 
cast  iron.  The  table  of  analyses  given  in  connection, 
showed  that  exceptionally  bad  and  even  dangerous  drinking 
waters  were  rendered  not  only  innocuous  but  wholesome 
by  this  method.  The  organic  impurities  were  for  the 
major  port  removed,  the  hardness  reduced  forty  to  fifty 
per  cent.,  and  a  brilliant  appearance  imparted  to  the  water. 
(See  Sanitary  Engineer,  Feb.  26,  '87.) 

This  demonstrates  the  value  of  iron  contact.  I  am 
not  convinced,  however,  that  this  method  of  contact  is 
the  simplest,  best,  or  cheapest.  The  figures  given  are 
wonderfully  low,  both  for  installation  and  current  expense. 
With  entire  respect,  1  should  say,  incredibly  low.  I  am 
more  concerned,  however,  in  the  ascertained  results.  Let 
it  be  remembered  that  filtration  is  part  of  the  new 
European  system,  but  that  this  filtration  is  subsidiary  and 
accessory.  It  has  for  its  only  object  the  elimination  of 
the  surplus  of  iron.  Just  here  it  is  proper  to  suggest  that 
if  that  excess  be  not  introduced,  its  removal  from  the 
water  will  not  be  called  for,  and  the  expense  of  filtration 
is  avoided. 

I  must  say  something  of  filtration,  but  I  have  no  hope 
of  expressing  any  new  or  original  ideas  on  the  subject. 
It  is  understood  that  I  speak  of  the  system  as  applied  upon 
a  large  scale.  It  may  be  possible  to  accomplish  the  ex- 
filtration  of  bacteria,  but  it  has  not  yet  been  demonstrated, 
even  by  the  slow  method  of  the  German  filter  stone  or  the 
biiiscuit  porcelaine.  I  instance  these  as  effecting  the 
closest  approximation  to  perfect  filtration  on  the  small 
scale.  If  these  are  amenable  to  a  suspicion  of  imperfection, 
what  shall  be  said  of  the  ordinary  straining  systems  f  What- 
ever may  be  claimed,  nothing  new  in  this  direction  has 
been  discovered  for  a  generation  and  more.  The  report 
of  the  ]S^ational  Board  of  Health  for  1881,  gives  the  history 
of  an  exhaustive  series  of  experiments  in  filtration,  there 
being  used  in  these  tests  all  the  best  known  media.  This 
report,  in  common  with  all  scientific  investigation  on  the 
subject  for  the  past  twenty  years,  announces  an  utter 


failure  as  a  result.  Particniarly  is  noted  the  failure  of  sand 
as  a  filtering  medium.  And  yet,  in  the  popular  mind  sand  is 
regarded  as  best,  because  it  is  deemed  nature's  own  favorite 
purifier.  Sand  is  flint  or  quartz.  As  a  filtering  agent  it 
is  only  a  barrier  restraining  the  passage  of  gross  matter 
which,  becoming  entangled,  is  stopped,  and  eventually 
fouls  the  mass.  Now  let  the  water  passing  through  a  sand 
filter  bed  be  impregnated  with  iron,  and  it  strikes  me  that 
the  expense  of  cleaning  that  bed  must  be  largely  increased. 
Iron  is  the  universal  bond  of  stone.  It  unites  with  the 
silica  and  becomes  part  of  the  sharp  sand — flint  quartz. 
The  water  divested  of  its  silt  and  surplus  of  iron,  goes  on 
its  way  to  the  reservoir — acceptable  to  the  consumer 
beyond  a  question  or  a  doubt.  Let  its  filter  bed  stand, 
however,  and  in  a  comparatively  short  space  of  time  it  will 
become  a  mass  of  sandstone ;  to  obviate  which  result, 
the  most  active  attention  and  frequent  washing  will  be 
necessary. 

Eeverting  to  ordinary  filter  beds  and  filter  galleries, 
I  need  scarcely  say  that  they  have  long  since  been  aban- 
doned as  a  practical  means  for  the  purification  of  a  public 
water  supply.  In  modern  estabhshments  they  are  entirely 
accessory,  as  in  the  European  iron  clarification  systems. 
When  a  public  water  supply  has,  by  competent  authority 
been  declared  unclean  and  dangerous,  that  source  of  supply 
must  be  treated  chemically  and  its  dangerous  elements 
neutralized — or,  what  is  often  more  practical,  be  abandoned 
entirely.  Filtering  cannot  cure  it  or  save  it,  however 
pellucid  the  water  be  made  to  appear.  Nitrates,  nitrites 
and  chlorides  cannot  be  filtered  out  of  water.  Albuminoids 
cannot  be  strained  out.  All  these  are  more  dangerous 
than  the  more  common  forms  of  bacteria.  All  these  can, 
so  say  the  European  chemist,  be  precipitated  by  the  use  of 
iron,  and  rendered  innocuous.  Alum,  zinc  and  other  coagu- 
lants may  be  effective,  but  iron  is  the  only  defensible  agent. 
If  the  water  supply  in  question  be  amenable  to  any  treat- 
ment at  all,  certainly  the  results  of  the  most  recent  research 
favor  the  iron  process.  If  not  amenable  to  this,  then  it  is 
mockery  to  resort  to  the  exploded  system  of  filtration. 

But  just  here  a  fair  spirit  of  enquiry  suggests  the 
questions,  "Is  it  at  all  necessary  to  eliminate  or  destroy 
all  bacteria?"  "Is  it  even  desirable  that  it  should  be 
done  ?"  "Is  not  a  certain  amount  of  infusorial  life  neces- 
sary to  the  life  of  the  water  f '  There  are  bacteria,  and 
there  are  bacteria.  The  fluids  of  our  bodies  are  alive 
with  them,  and  it  may  be  to  our  well-being  that  it  should 
be  so.     Some  waters  so  impregnated  may  not,  upon  close 
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and  careful  professional  investigation,  warrant  an  unquali- 
fiedly favorable  criticism,  and  yet  generations  of  use  may 
have  failed  to  show,  practically  and  in  effect,  the  impurity 
of  the  supply.  A  public  water  supply,  like  lead  service 
or  supply  pipes,  may  be  made  a  most  convenient  and 
popular  subject  of  criticism  by  pseudo-scientific  men,  and 
be  made  a  convenient  open  account  to  which  may  be 
charged  up  otherwise  unaccountable  variations  in  mortu- 
ary statistics. 

Returning  to  my  subject,  I  would  submit  that, 

1.  Filtration  as  a  system  for  public  supply,  has  long 
since  been  abandoned  as  worthless,  ineft'ective  and 
expensive,  and  no  new  development,  discoveries  or  appli- 
ances are  before  the  public  warranting  the  reconsideration 
of  a  conclusion  founded  on  expensive  experience. 

2.  Iron,  as  a  precepitating  agent  for  all  impurities 
in  water,  has  become  known  as  effective  and  economical 
in  use  and  appliance  by  careful  practical  and  scientific 
observers.  Its  use  on  the  large  scale  has  been  supple- 
mented by  sand  filtration,  not  for  the  elimination  of 
original  impurity,  but  to  rid  the  water  of  the  effect  of 
excessive  treatment. 

3.  It  is  in  logical  order  that  this  filtration,  as  a  sub- 
sidiary or  collateral  treatment,  be  avoided  by  the  introduc- 
tion into  the  water  supply,  such  an  amount  of  iron  as  will 
effect  the  desired  result,  and  no  more. 

To  conclude  remarks  already  too  much  extended,  let 
me  beg  water  works  officials  to  set  before  them  the 
problem  of  the  production  of  a  cheap  solution  of  iron,  and 
pending  this  enquiry  to  experiment  studiously  upon  the 
peculiar  defects  or  impurities  of  their  several  local  supplies 
with  the  remedial  agent  iron,  and  the  system  of  subsidence 
prominently  before  them. 

I  claim  the  honor  of  being  the  first  to  call  the  popular 
attention  of  the  American  public  to  the  use  of  iron  in  a 
water  supply  as  a  coagulating,  precipitating  and  purifying 
agent.  In  this  I  do  not  claim  entire  originality.  I  followed 
a  single  hint  thrown  out  by  Dr.  Gunning,  in  Holland.  At 
the  time  of  my  experiments  Bischoff  and  Spencer  were 
operating  with  specially  prepared  iron  ore.  The  Anderson 
system  is  a  step  in  advance  of  this.  It  remains  for  America 
to  go  still  a  step  beyond,  and  I  predict  that  step  wUI  be  a 
direct  application  of  iron  to  the  water  supply  without 
subsequent  filtration. 

The  hour  of  noon  having  arrived,  adjourned  until 
2:30  p.  m. 
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Afternoon  Session,  Thursday,  July  14th,  1887. 

Called  to  order  at  2:30  by  the  President,  who  stated 
that  the  subject  of  filtration  was  still  open  for  discussion. 

The  Secretary  : — I  have  here  a  paper,  or  rather 
the  latter  half  of  a  paper,  descriptive  of  the  systems  of 
filtration  at  Bombay,  India,  written  and  forwarded  by  Mr. 
Samuel  Tomlinson,  deputy  executive  engineer  of  the 
Bombay  water  works,  who  is  a  member  of  the  association. 
Mr.  Tomlinson  wrote  me  that  he  had  sent  the  first  install- 
ment two  mails  prior  to  this,  but  it  seems  to  have  mis- 
carried, as  I  have  not  yet  received  it.  Shall  I  read  this 
portion  of  the  paper  ? 

Mr.  Henion  : — As  we  are  likely  to  be  limited  for 
time  this  afternoon,  I  move  that  the  reading  of  this  portion 
be  dispensed  with,  and  that  it  be  printed  with  the  proceed- 
ings, together  with  the  missing  part,  when  the  Secretary 
shall  have  received  it. 

The  motion  adopted. 

The  Secretary  : — I  am  requested  to  present  the 
following : 

THE  CIVIL  ENGINEERS  SOCIETY, ) 
8t.  Paul,  Mink.,  July  14th,  1S87.     / 
J.  H.  Decker,  Se&y  American  Water  Works  Association  : 

Dear  Sir: — The  Civil  Engineers  Society,  of  St.  Paul,  and 
the  Board  of  Water  Commissioners,  of  St.  Paul,  jointly  invite 
the  President  and  Members  of  the  Association  of  Water  Works 
to  spend  Friday  afternoon,  (July  loth),  in  viewing  the  various 
points  of  interest  about  St.  Paul  and  the  City  Water  Works. 

A  committee  from  the  Society  and  Water  Board  will  ar- 
range the  details  with  you. 
Respectfully, 

GEO.  L.  WILSON, 

Sec'v  Civil  Engineers  Society. 
JOHN  CAULFIELD, 

Sec'y  Board  Water  Commissioners. 

On  motion  the  invitation  was  accepted. 

The  Secretary  then  read  a  paper  entitled, 

ORGANIC  LIFE  AND  MATTER  IN  WATER. 
BY  Samuei.  McElboy,  c.  e. 

In  responding  to  the  request  of  this  Association,  to  discuss 
in  some  formal  way  the  subject  of  spongillia  in  pipes,  I  have  felt 
that  it  would  be  more  acceptable  to  my  associates  to  treat  a 
minor  incident  of  organic  life,  under  the  head  of  "  Organic  Life 
and  Matter  in  Water,"  so  as  to  discuss  the  general  relations 
existing  between  these  and  the  water  we  drink. 
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I  propose  therefore  to  present  some  of  the  results  of  a  long 
study  of  this  question,  as  to  the  conditions,  experiences,  causes, 
effects  and  remedies  of  the  evils  produced  by  organic  matter, 
which  so  seriously  affect  all  our  supplies  of  water  in  reservoirs 
and  distribution  systems. 

DRTXKINO   WATER  ;   SOURCES. 

That  the  human  race,  carrying  about  65  to  7o  per  cent  of 
water  in  their  bodies,  should  find  this  constituent  a  very  import- 
ant one  in  daily  use  and  maintenance,  is  natural :  and  that  its 
quality  should  bear  a  very  important  relation  to  human  comfort 
and  health,  is  equally  so. 

When  we  study,  ever  so  hurriedly  the  wonderful  provisions 
by  the  Infallible  Engineer  of  the  universe,  for  our  supply  of 
water,  the  purity  of  its  parent  source,  and  the  magnificent  scale 
of  the  supply,  we  approach  a  subject  of  most  absorbing  interest. 

We  see  this  enormous  globe  of  ours,  a  huge  boiler,  with  its 
diurnal  axis  revolution,  and  about  four-fifths  of  its  area  in  ocean 
expanse,  sweeping  its  annual  orbit  around  an  inexhaustable 
furnace,  engaged  in  a  process  of  circulation  of  currents,  evapo- 
ration, condensation  and  rainfall,  on  the  most  regular,  infallible 
and  stupendous  scale  ;  and  we  see  too,  that  the  water  thus  fur- 
nished for  our  supply,  is  pure,  distilled,  and  most  thor- 
oughly aerated  in  its  passage  over  the  continent  as  vapor,  and 
its  descent  to  the  earth  as  rain;  contamination  comes  from  earthly 
contact.  Its  chemical  constituents  too,  eight  parts  oxygen  and 
one  of  hydrogen,  by  weight,  with  one  oxygen  to  two  hydrogen 
by  volume,  show  the  same  guardianship  of  quality. 

In  its  passage  through  the  lower  atmosphere,  aided  by 
reduced  temperature  and  other  conditions,  rain  water  absorbs 
various  acid  gasses  and  takes  up  various  forms  of  solid  matter, 
so  as  to  be  somewhat  impregnated  with  contaminations;  but  it 
Is  in  its  flow  over  the  surface  and  through  the  underground 
formation  of  the  earth,  that  its  absorbent  and  solvent  powers, 
subject  it  to  the  greatest  contaminations.  In  the  constant  pro- 
cession of  all  rainfall  from  the  solid  land  to  the  ocean,  for 
re-evaporation  and  return,  by  surface  wash  ;  by  its  absorption  of 
carbonic  acid  and  other  solvents  ;  by  the  aid  of  frost  and  heat ; 
by  abraision,  solution  and  transportation  ;  mechanically  and 
chemically  the  various  forms  of  solid  matter  in  the  air,  on  and 
under  the  earth's  surface,  are  taken  up  and  carried  along  with  the 
entire  water  flow  from  higher  to  lower  levels  in  an  unending 
process. 

To  pause  here  and  attempt  to  follow  in  the  most  cursory 
way,  the  laws,  conditions,  processes  and  results  of  this  wonderful 
transportation  by  water,  as  solid,  liquid,  or  gas;  or  in  theatmos- 
phere ;  the  mountains,  valleys,  lakes  and  rivers ;  the  busy 
underground  springs  ;  the  great  ocean  currents  ;  would  occupy 
our  time  to  the  exclusion  of  the  subject  under  discussion  ;  yet  it 
must  all  be  studied  and  comprehended,  before  our  subject  can 
be  fully  understood. 

Let  us  then  assume  certain  facts  of  contamination  exposure, 
as  demonstrated,  and  examine  some  of  the  testimony  as  to  the 
result. 

This  testimony  comes  from  two  expert  witnesses,  chemical 
and  microscopic  science  ;  each  has  its  special  domain  ;  what  the 
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characteristics  of  each  are,  it  is  important  for  us,  here,  to 
examine,  for  very  serious  mistakes  have  been  made  for  want  of 
such  examination. 

Chemical  analysis  has  been  the  professional  rule  of  water 
examination  until  quite  recently.  Its  processes  in  the  laboratory 
are  exceedingly  delicate,  and  its  results,  as  to  various  mineral 
constituents,  solid  or  gaseous,  are  necessary,  and  implicitly 
accepted. 

In  our  days  of  former  practice  the  custom  was,  and  is  still, 
to  send  a  chemist  a  sample  of  water  taken  in  any  convenient  way 
from  the  stream  intended  to  be  used,  or  from  the  supply  in  use, 
and  generally  from  the  surface ;  samples  were  more  or  less  dis- 
turbed in  transportation,  and  allowed  to  stand  some  time  before 
test;  and  the  relative  quantity  tested,  to  the  daily  supply,  was 
in  very  great  disproportion.  The  water  of  a  streani  as  afTected  by 
currents  or  winds  and  different  depths  or  exposure  to  contamina- 
tion, may  vary  seriously  in  the  same  body,  as  all  experience  shows. 
Relative  motion,  temperature,  time  for  subsidence,  or  barometric 
pressure,  may  seriously  affect  some  mineral  and  organic  con- 
stituents of  the  sample,  but  these  are  not  taken  into  account. 

In  an  important  series  of  tests  made  in  Massachusetts,  the 
samples  after  standing  twelve  to  eighteen  hours  for  subsidence, 
were  decanted  for  test  without  the  residuum.  They  were  then 
passed  through  Alter  paper  and  treated  for  ammonia,  albuminoid 
ammonia,  and  oxygen  required  to  oxidize;  the  water  N\as  evapo- 
rated at  212'',  the  residiuum  treated  with  aqueous  solution  of 
carbonic  acid,  and  again  dried  at  212=  and  the  loss  on  ignition 
tabulated  as  "organic  and  volatile."  After  a  large  expenditure 
of  money  and  time,  the  commission  failed  to  find  any  very  un- 
healthy contamination  in  streams  actually  noxious  to  sight  and 
smell,  from  factory  discharg  \ 

In  this  analysis  the  most  modern  processes  were  applied. 
Ammonia  was  determined  by  distillation  with  carbonate  of  soda 
and  estimating  by  Xessler's  reagent.  Subsequent  treatment 
with  a  strong  alkaline  solution  of  permanganate  of  potash, 
(Wanklyn  process),  liberates  an  additional  amount  of  ammonia, 
as  "albuminoids."  Chlorine  was  determined  in  volume  by 
nitrate  of  silver  ;  Kubel's  method  ;  permanganate  of  potash,  was 
used  to  determine  "oxygen  required  to  oxidise  organic  matter." 

This  system  of  collection,  subsidence,  evaporation  and 
residuum  has  been  the  common  process  for  a  long  time  ;  yet  it  is 
well  known  that  simple  aeration  rapidly  reduces  carbonic  acid 
in  water,  and  boiling,  about  one-half;  that  a  temperature  of 
140°  to  220°  destroys  organic  life  and  disease  germs ;  that  some 
acids,  like  "boracic,"  may  stand  a  white  heat  in  a  residuum, 
and  yet  escape  sensibly  in  water  solution ;  that  ordinary  solar 
evaporation  liberates  enormous  weights  of  common  salt,  chloride 
of  potassium,  magnesia,  &c. ;  and  that  organic  matter  in  either 
healthy  or  diseased  state  is  peculiarly  sensitive  to  solution  and 
boiling,  which  volatilises  and  expels  gaseous  and  other 
constituents. 

The  criticism  of  chemists  on  the  Wanklyn  process  is  that 
"different  organic  substances  disengage  different  amounts  of 
ammonia,"  and  the  test  for  "albuminoid  ammonia"  is  constant 
only  for  any  one  substance.  Watt  asserts  that  part  of  the  loss 
by  ignition  of  residuum  may  be  due  to  water  combined  with 
calcic  and  magnesia  chlorides  or  sulphate ;  and  to  volatilisation 
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of  ammoniacal  salt  or  decomposition  of  magnesia  chloride, 
nitrites  and  nitrates;  organic  substance,  when  dried  may 
partly  decomiiose  and  some  remain  in  a  fixed  state;  and  the 
errors  nearly  exceed  the  whole  amount  of  organic  substance. 

Any  study  of  chemical  authorities  makes  it  plain  that  our 
customary  appeal  to  this  branch  of  science,  has  been  in  some 
cases,  a  mistake.  It  is  for  this  reason  we  find  our  city  authori- 
ties so  often  baffled  in  their  attempts  to  solve  the  problem  of 
water  fermentation,  and  obliged  to  content  themselves  with  the 
oracular  dictum,  that  science  fails  to  detect  the  cause  of  the 
nauseous  state  of  supply,  and  to  accept  the  common  anodyne 
prescribed,  that  there  is  nothing  injurious  to  health  in  the 
process. 

Microscopic  science  grasps  the  facts  as  they  actually  exist, 
and  studies  the  processes  of  fermentation  from  beginning  to  end. 
It  is  comparatively  a  recent  application.  A  great  revolution  in 
opinion  and  practice  has  come  over  the  medical  world  within 
ten  years.  Before  this  it  was  difficult  to  find  a  doctor  or  medi- 
cal authority  disposed  to  discuss  with  any  patience,  the  germ 
theory  of  disease.  The  elaborate  researches  of  men  like  Pasteur 
and  T)umas  of  the  French  academy,  Lyndall,  Bastian  and  others 
of  the  English  school,  and  various  German  professors,  were  not 
accepted  as  demonstrations  of  a  great  law,  and  were  publicly  and 
formally  excluded  from  adoption,  as  in  the  convention  of  1876,  at 
Philadelphia,  but  facts  are  stronger  than  theory  or  prejudices, 
and  now  it  is  difficult  to  find  a  medical  doubter. 

On  land  and  sea  then,  for  a  few  years  past,  the  microscope 
has  been  busy  in  many  hands,  and  with  wonderful  results.  Voy- 
ages like  those  of  the  "Beagle",  the  "Challenger",  the  Coast  Sur- 
vey steamers,  and  the  Fish  Commission,  have  made  us  familiar 
with  the  deepest  recesses  of  the  ocean,  and  exploded  more  than 
one  "intensely  scientific"  theory.  Close  studies  of  the  air  we 
breathe  on  the  highest  mountains  covered  with  ice;  in  the  deep- 
est mines;  in  city  streets;  crowded  rooms  and  hospitals,  as  in 
the  open  fields  ;  tell  us  now  where  and  how  organic  life  and  mat- 
ter are  found  and  in  what  abundance.  Sewers  and  sewaw'e, 
streams,  reservoirs  and  distribution  supjilies  are  brought  under 
the  same  infallible  inspection,  and  give  up  their  secrets  of  contam- 
ination. AVe  have  reached  a  point  in  all  this,  where  the  errors  of 
the  past  can  be  comprehended,  and  the  lessons  of  the  present  and 
future  properly  outlined. 

DIFFUSION. 

In  ways  past  finding  out  to  the  chemist,  the  student  in 
microscopic  life  has  aided  the  naturalist  in  enumerating  and  class- 
ifying the  organic  life  of  the  earth,  and  in  proving  its  universal 
diffusion,  especially  as  to  the  lower  forms,  with  which  our  sub- 
ject is  most  fully  identified,  but  which  we  are  still  denied  here  any 
time  for  discussion  in  detail.  The  upper  and  lower  currents  of 
the  air  and  sea  ;  the  channels  of  the  earth's  surface  and  depths, 
all  have  the  same  witness  to  bear,  confirmed  even  by  the  revela- 
tions of  our  hardest  minerals,  like  the  whetstones,  of  the  extra- 
ordinary present  and  past  age  abundance,  and  wide  spread  diffu- 
sion of  forms,  visible  and  invisible  to  common  sight,  of  the  teem- 
ing organic  life  of  the  world. 
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Where  our  text  books  talk  about  15  feet  as  the  limit  of 
plant  Ufe,  the  dredge  in  Lake  Erie  brings  up  the  "nostoc"  from 
a  depth  of  430  feet ;  and  in  kindred  animal  life,  the  star  fish  are 
found  along  the  telegraph  cable  lines,  feeding  on  "globigerinoc" 
2000  fathoms  deep  ;  and  at  all  ocean  depth,  ]ife  abounds. 

Any  examination  of  a  flowing  stream  or  more  quiet  collec- 
tion of  water,  as  in  ponds  or  reservoirs,  shows  a  universal 
tendency  to  vegetable  growth  where  the  conditions  of  soil,  or 
bed,  and  motion,  are  favorable.  Botany  classifies  a  large  variety 
of  water  plants,  partly'  or  wholly  submerged.  There  are  weeds, 
grasses,  sedge,  star  warts,  al  warts,  penny  warts,  marsh  plants, 
rushes,  mosses,  lilies,  floating  milfoil,  chora,  intella,  &c..  as 
aquatic  plants,  with  the  algte,  fungi,  sphoqua  and  lichens  of  the 
cryptogams.  In  sea  water  live  all  the  varieties  of  the  marine 
plants,  of  algoid  and  other  classes,  in  their  diflierent  zones,  and 
in  profusion  under  favorable  conditions  of  stationary  or  floating 
soil,  terhperature  and  food. 

In  like  manner  higher  and  lower  forms  of  animal  life 
abound  in  water  under  favorable  conditions  of  existence,  from 
the  vertebrates,  shell-flsh,  worms,  star  fish  and  others  of  higher 
classes,  to  the  "root  footed"  animals,  sponges,  cilia  feeding  vorti- 
cella,  monads,  infusoria  and  bacteria  of  the  lower  forms  in  the 
scale. 

In  addition  to  this  abundant  organic  life,  plant  and  animal, 
it  is  also  evident  that  the  constant  downward  flow  of  water 
carries  with  it  and  into  its  receptacles  more  or  less  organic  mat- 
ter, diseased  or  dead,  to  provide  food  for  all  this  life,  and  to  con- 
tinue its  successive  processes  of  dissolution  where  not  assimilated 
as  food.  Many  of  our  large  reservoirs  are  formed  in  valleys 
covered  with  vegetable  mould  and  vegetation,  without  any 
special  or  adequate  care  to  remove  it. 

If  we  study  the  distribution  service  of  any  city  in  common 
use,  we  find  that  while  the  house  taps,  inserted  in  the  top  of  the 
mains,  carry  clear  water  through  the  house  services,  even  wliere 
considerable  velocity  is  used,  the  mains  generally  contain  more 
or  less  deposit  of  sediment,  soil,  oxides,  and  other  solid  matter, 
mineral  and  organic.  The  fire  hydrant  in  full  use,  or  the  street 
blow-oflT,  reveals,  in  the  dull  red  color  of  the  discharge,  the 
presence  of  this  sediment,  part  of  which  is  produced  by  the 
chemical  action  of  the  water  on  the  carbon  and  other  constitu- 
ents of  the  cast  iron  mains. 

Whenever  then  this  deposit  furnishes  a  soil  bed  for  the 
growth  of  spongillia  or  any  other  animal  or  vegetable  form,  the 
proper  remedy  is  to  sweep  out  the  mains  with  appliances  success- 
fully used  for' that  purpose,  (we  need  not  pause  to  describe  here), 
which  have  been  provided  for  the  obstructions  caused  by  tuber- 
culation  of  our  cast  iron  mains,  itself  a  very  serious  evil. 

A  judicious  and  frequent  use  of  the  blow-off  would  doubt- 
less tend  to  prevent  much  of  this  growth,  partly  by  removal  of 
its  bed,  and  partly  by  bringing  it  in  contact  with  oxides  formed 
in  the  mains,  and  it  is  quite  certain  that  this  would  also  improve 
the  quality  of  the  supply. 

Assuming  then,  that  as  to  spongillia  and  like  growths  in 
our  mains,  the  remedy  is  as  plain  as  the  e\al.  Let  us  examine 
briefly  the  evils  which  exist  in  our  collections  of  water,  as  pro- 
ducing results  of  this  and  other  kinds. 
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FERMENTATION  AND   PUTBEFACTION  ;   EXPERIENCE. 

Since  the  microscope  has  demonstrated  the  universal  pres- 
ence of  organic  germs  in  the  air,  water  and  earth,  and  the  law  of 
development  is  simply  that  of  proper  soil,  or  bed,  or  lodgement, 
food,  moisture  and  temperature,  this  life  will  spring  into  action 
whenever  and  wherever  these  favorable  conditions  exist ;  and 
since  living,  diseased  or  dead  organic  matter  is  liable  to  be  pro- 
duced, carried  or  accumulated  in  our  bodies  of  water,  the  natural 
processes  of  hfe  and  death  must  ensue. 

I  have  collated  for  many  years  the  experience  of  city  sup- 
plies and  various  bodies  or  streams  of  water,  and  find  they  all 
develope  the  same  action  to  a  greater  or  less  degree  from  the 
underground  currents,  feeding  certain  wells,  through  creeks, 
rivers,  and  reservoirs,  to  the  ocean  itself.  Whether  we  take  the 
great  centers  of  population  where  demand  is  most  active,  or  the 
smallest  village,  we  find  that  under  favorable  conditions  this 
action  is  of  common  experience. 

Xew  York  in  the  earliest  examinations  of  the  Croton, 
showed  considerable  volatile  matter,  (4.28  grains  in  70,000),  and 
carbonic  acid  (17.4  cub.  inches),  and  various  specimens  of  lower 
form  life.  In  its  early  history  considerable  excitement  is  record- 
ed on  account  of  the  occasional  objectionable  smell  and  taste, 
and  the  occasional  contamination  of  the  reservoirs  has  been  a 
matter  of  unusual  anxiety.  In  August,  18o9,  the  papers  were 
full  of  discussions  on  this  account,  and  abundant  instances  cited 
of  its  injurious  effects  on  health.  Nevertheless  an  eminent  chem- 
ist reported  the  cause  "  a  rapid  and  abundant  growth  of  a  micro- 
scopic conferva"  *  *  *  "  which  I  strongly  suspect  as  derived 
from  a  species  of  the  germs  nostoc."  (Rept.  Croton  Board,  Aug. 
27,  1859.) 

In  the  Philadelphia  supply  the  precautions  taken  about 
1819  by  Mr.  Graff,  an  engineer  of  great  skill,  by  a  system  of  four 
reservoir  surface  decantations,  enabled  him  to  send  such  water 
as  that  of  the  Schuylkill,  into  the  house  services  in  a  greatly 
improved  state.  But  that  the  supply  of  this  city  has  always 
been  objectionable,  is  abundantly  evident,  and  the  necessity  of  a 
large  expenditure  for  a  better  supply  is  fully  recognized  in 
recent  reports. 

Our  Brooklyn  supply  of  water,  filtered  on  a  vast  scale,  is 
sometimes  unfit  for  drinking  for  two  or  three  days,  and  the  sup- 
ply reservoirs  sometimes  show,  at  the  gate  houses,  strong  evidence 
of  this  action. 

Though  Chicago  draws  her  supply  from  a  tunnel  projected 
two  miles  into  Lake  Michigan,  complaints  of  the  supply  have 
been  made,  year  by  year,  as  they  were  before  the  tunnel  con- 
struction made  to  obviate  the  trouble,  which  it  has  reduced. 
A  much  longer  extension  is  now  contemplated. 

Cleveland,  drawing  its  supply  from  Lake  Erie  by  a  tunnel 
extended  in  1874  to  about  (5600  feet,  to  obviate  similar  experience, 
is  at  times  suffering  from  various  complaints. 

At  Boston  the  complaints  of  the  Lake  Cochituate  supply 
are  of  long  record,  though  exceeded  by  those  as  to  Mystic  Pond. 
In  1854  very  elaborate  examinations  and  reports  were  made,  and 
much  valuable  information  obtained  as  to  the  processes  of  fer- 
mentation, by  such  accomplished  observers  as  Prof.  Hosford. 
In  that  case  the  complaints  became  serious  in  the  latter  part  of 
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September,  and  continue  to  some  extent  through  January.  It 
was  found  that  the  surface  currents  of  the  lake  were  pure,  when 
the  depths  were  foul ;  that  the  mains  showed  active  lower  forms 
of  life,  and  dead  organisms  ;  that  dead  ends  continued  offensive 
when  circulating  supply  was  filtered  ;  that  in  the  several  divis- 
ions of  the  lake  the  time  of  contamination  and  correction  differ- 
ed, as  also  in  different  depths ;  that  instances  of  fatal  effect  on 
fish  and  other  higher  forms  has  been  observed ;  and  that  sepa- 
rating one  infected  division  from  another  less  affected,  would 
correct  the  latter  in  a  short  time. 

Albany  introduced  the  Patroon's  creek  supply,  with 
storage  reservoirs  of  shallow  depth  and  large  area,  in  1852,  The 
annual  hot  weather  experience  was  very  annoying,  and  cul- 
minated in  1875  with  a  recourse  to  the  Hudson  river  by  steam 
pumps,  and  the  city  is  now  contemplating  a  large  expenditure 
for  driven  well  supply  from  the  sand  plains  west  of  the  city. 
For  about  twenty-six' years  the  annual  reports  abound  in  dis- 
cussions on  this  subject. 

Rochester,  N.  Y.,  is  supplied  from  a  large  natural  lake,  by 
a  pipe  line  of  about  twenty-eight  miles  with  a  fall  of  two  hun- 
dred and  sixty -one  feet.*  The  water  springs  into  the  air  at 
Mount  Hope  reservoir,  with  a  jet  of  about  eighty  feet  and  is  thus 
aerated.  In  1876,  Prof.  Lattimer  made  a  careful  investigation  of 
the  state  of  the  supply,  and  in  this  and  subsequent  reports, 
collated  a  large  amount  of  information  on  the  experience  of 
other  cities.  The  fishy  odor  continued,  in  that  case,  for  about 
three  months,  October,  November  and  December. 

It  would  be  tedious  to  collate  here  the  abundant  examples 
of  this  action  on  record  at  Auburn,  Baltimore,  Burlington, 
Camden,  Chickopee,  Cincinnati,  Hartford,  Keene,  Lynn,  Meri- 
den,  New  Britain,  New  Haven,  Norfolk,  Oswego,  Poughkeepsie, 
Saratoga,  Springfield,  Trenton,  Warsaw  and  Yonkers.  In 
various  creeks,  rivers,  ponds  and  lakes,  in  the  ocean  itself,  this 
is  a  law  more  or  less  apparent,  more  or  less  active,  and  un- 
doubtedly, to  some  extent,  operating  in  all  our  usual  collections 
of  water. 

That  the  effect  of  this  process  is  a  nauseous  and  noxious 
condition  of  the  supply,  is  sometimes  gravely  denied  by  very 
scientific  authority,  but  not  by  common  sense  people.  As  a  rule, 
local  patriotism  keeps  the  record  out  of  annual  reports.  In  the 
proceedings  of  this  Association  for  1886,  Mr.  Keating,  page  71, 
has  catalogued  truthfully  the  evidence  furnished  by  taste  and 
smell,  the  "fishy,"  "woody."  "musty,"  "nauseous"  odor  pro- 
duced ;  other  observers  at  New  York  and  elsewhere,  have  directly 
connected  this  state  of  the  supply  with  stomach  diseases ; 
abundant  evidence,  of  deadly  effect  at  times,  on  higher  forms  of 
organic  life,  are  on  record,  notably,  a  case  off  the  Florida  coast, 
among  the  live  fish  carried  in  the  holds  of  the  fishing  smacks  and 
other  fish,  produced  by  the  state  of  the  gulf  water.  That  the 
trouble  often  originates  at  one  point  and  the  water  afiected  is 
carried  to  others ;  that  it  appears  suddenly  at  times,  and  dis- 
appears as  suddenly  ;  that  it  is  most  common  in  or  just  after  hot 
weather,  though  not  confined  to  the  warm  season  ;  that  impure 
water  undergoing  this  process  sinks  from  greater  gravity,  and 
thus  illustrates  one  of  the  ancient  engineer  tests,  aqua  levissimus; 
that  the  mud  beds  of  reservoirs  as  at  Croton  lake,  and  other 
cases,  at  times  freely  discharge  bubbles  of  carbonic  acid  gas  and 
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other  gases,  when  disturbed  ;  that  various  microscopic  and  other 
animal  and  vegetable  organisms  abound  in  fermenting  v/ater ; 
that  air,  moisture,  light  and  heat  promote  this  action,  which  then 
goes  on  without  air,  but  never  without  food  ;  are  well  estab- 
lished conditions. 

Let  us  then  examine  the  causes  of  this  action  on  organic 
matter. 

There  appears  to  be  several  ways  in  which  this  matter, 
partially  or  wholly  dead,  is  transformed  into  solids  and  gasses. 

In  a  very  dry  atmosphere  like  that  of  Peru,  for  example, 
with  heavy  night  dews,  but  no  heavy  rainfall,  a  dead  animal 
slowly  dries  up  without  putrefaction,  by  dessication. 

Where  live,  diseased  or  dead  organisms  are  assimilated  by 
higher  forms,  putrefaction  is  prevented. 

Where  the  same  matter  is  changed  by  the  lower  forms 
by  a  process"  analogous  to  assimilation,  it  is  commonly  called 
fer7neutation. 

Where  neither  dessication,  assimilation  or  fermentation 
take  place,  or  do  not  act  in  sufficient  force,  the  transformation 
into  solids  and  gases  is  by  the  nauseous  and  noxious  process  of 
putrefaction. 

There  is  also  a  process  of  exposure  to  air,  light,  and  other 
agents,  by  which  oxidation  of  organic  matter  is  produced. 

In  this  organic  world  there  are  constant  life,  disease,  death 
and  decay  ;  production,  reproduction,  food  assimilation,  illness, 
dissolution ;  the  plant  world  living  on  sustenance  drawn  from 
the  earth  and  air  ;  the  animal  world  fed,  in  addition,  by  plant 
life,  and  subordinate  forms  of  its  own  life.  These,  in  their  order 
create  and  sustain,  complicated  chains  of  mutual  dependence  of 
absorbing    interest  to  us  all,  we  cannot  pause  to  consider   here. 

On  the  organic  matter  then,  found  in  our  water  supply, 
there  are  three  of  these  processes  at  work,  either  in  assimilation, 
fermentation  or  putrefaction.  Let  us  examine  the  last  two 
briefly. 

Fermentation  is  a  change,  which  takes  place  under  the  in- 
fluence of  common  air,  moisture,  heat  and  lower  organic  life,  in 
the  constituent  parts  of  either  vegetable  or  animal  substances ; 
it  is  indicated  by  sensible  internal  motion,  the  developement  of 
heat  and  the  evolution  of  gaseous  products.  It  is  divided  ac- 
cording to  the  effects  and  substances  acted  on,  into  saccharine, 
acetic,  alchoholic  or  vinous,  lactic,  butrycic,  glyceric,  mucous, 
and  other  results.  Of  these,  some  processes  are  completed  with- 
out offensive  odors,  as  the  "acetic"  and  "vinous,"  nitrogen  being 
absent. 

The  germ  or  vital  theory  which  attributes  the  decomposi- 
tion of  the  fermentable  body  to  the  vital  action  of  living  organ- 
isms, like  that  of  the  vegetable  cells  of  the  yeast  fungus,  is  now 
generally  accepted. 

The  office  of  the  lower  forms,  in  this  action,  is  that  of 
practical  assimilation  of  the  organic  matter  of  a  plant  or  animal. 
Its  body  furnishes  the  adult  a  lodgement  and  its  germs  a  birth 
place,  and  the  food  necessary  for  development.  It  brings  them 
from  dorment  germ  life,  into  active  existence,  and  not  the 
reverse ;  their  presence  is  a  consequence  of  the  organic  presence 
and  not  a  cause,  and  their  work  is  that  of  a  sanitary  police. 

Putrefication,  which  results  from  an  excess  of  organic 
matter,  not  assimilated  or  fermented,  is  the  process  by  which 
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animal  and  vegetable  azotised  substances  undergo  decomposition 
with  the  production  of  ofiensive  gases.  The  essential  conditions 
are  the  presence  of  disease  and  dead  matter,  of  moisture,  of  a 
temperature  generally  between  32^  and  140°,  exposure  to  the  air 
before,  or  during  the  process  ;  resulting  in  the  formation  of  car- 
bonic acid,  sulphuretted,  and  phosphoretted  hydrogen  marsh 
gas,  ammonia,  nitrogen,  hydrogen,  various  acids,  and  many  of- 
fensive bodies  not  yet  identifled. 

In  the  case  then  which  we  are  studying,  there  is  no  escape 
from  the  conclusion  that  the  presence  of  large  bodies  of  organic 
matter  in  water,  leaves  only  a  question  between  its  assimilation 
or  putrefaction.  Nature  must  act  in  one  of  these  ways  ;  the 
office  of  the  lower  forms  is  sanitary,  if  a  sufficient  sanitary  police 
is  produced ;  if  not,  the  more  offensive  process  must  act,  with 
effects  destructive  of  the  higher  forms,  and  probably,  at  times  to 
the  lower. 

REMEDIES. 

It  is  evident  then  that  the  first  duty  of  hydraulic  engineers 
is  to  prevent  the  presence  and  the  accumulation  of  organic  mat- 
ter and  solution  in  water  by  attacking  it  first  in  the  streams, 
conduits  or  other  sources  of  supply  entering  our  reservoirs,  and 
at  the  reservoir  outlet.  Filtration,  properly  made,  is  a  valuable, 
but  not  an  infallible  or  permanent  aid. 

No  evil  exists  without  an  ample  corrective,  if  it  is  properly 
applied.  The  air  and  the  soil  abound  in  counteractives,  tending 
to  oxidise  and  destroy  diseased  and  dead  organic  matter. 

Natural  oxidation  of  water  by  aeration  is  a  valuable 
agent;  at  Philadelphia  and  other  places,  artificial  aeration  is 
found  valuable.  The  Graft"  process  of  decanting  purified  surface 
water  into  reservoirs  or  conduits  is  another  valuable  method 
very  much  neglected  throughout  the  country.  Methods  by 
which  a  supply  can  be  impounded  and  fermented  are  important. 
I  made  a  careful  provision  of  this  kind  for  the  supply  and 
distributing  reservoirs  of  the  Brooklyn  works,  which  was  not 
carried  out  as  the  contract  required. 

Appliances  have  recently  been  made  by  which  the  action 
of  iron  oxides,  always  a  powerful  agent  on  organic  matter,  can 
be  directly  applied  to  a  conduit  so  as  to  effectually  purify  large 
bodies  in  motion.  At  Antwerp  this  was  done  in  1885,  (Eng. 
News,  Sept.,  1885,  147),  by  the  use  of  three,  revolving  purifiers, 
which  bring  the  water  constantly  in  contact  with  particles  of 
iron,  to  take  up  a  sufficient  quantity  of  oxide  to  produce  the 
desired  effect.  In  that  case,  treating  6,854,000  gallons,  one-tenth 
grain  per  gallon  was  sufficient.  To  drive  each  cylinder,  about 
15  feet  long,  weighing  in  all  14  3-10  tons,  with  2,464  pounds  iron, 
at  one  revolution  in  three  minutes,  required  four-tenths  horse 
power,  the  capacity  of  the  three  being  15,000,000  gallons  per 
week. 

It  is  only  necessary  to  indicate  evil  to  be  corrected  to  bring 
into  successful  action  in  this  country  the  proper  remedies.  I 
have  already  taken  up  so  much  time  on  a  subject  long  felt  to  be 
of  vital  importance,  as  not  to  feel  at  liberty  or  consider  it  neces- 
sary to  extend  this  discussion  at  the  present  time. 

Mr.  G.  E.  Beach  reada  paper  entitled : 
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SHOULD  STORAGE  RESERVOIBS  BE  OPEN 
OR  CLOSED? 

Gentlemen  :— In  endeavoring  to  treat  upon  this  very 
important  question,  I  find  myself  at  the  very  outset,  beset  with 
difficulties  and  knotty  problems  far  beyond  the  abilities  of  your 
humble  servant  to  cope  with.  Although  the  title  is  short  and 
comprehensive,  still  to  enter  into  a  complete  digest  of  all  the 
merits  and  demerits  of  both  open  and  closed  storage  reservoirs, 
requires  not  only  a  very  careful  study  of  causes  and  effects, 
covering  a  long  period  of  time,  but  a  considerable  knowledge  of 
chemistry,  in  order  to  the  more  fully  explain  to  the  comprehen- 
sion of  others,  the  full  nature  of  such  causes  and  effects.  We 
find  that  we  have  a  large  varied  condition  o."  circumstances  to 
contend  with,  such  as  cUmate,  capacity,  quality  of  water,  tem- 
perature, condition  of  atmosphere,  material  of  which  reservoir 
is  constructed,  and  many  other  elements  and  conditions,  making 
the  subject  one  of  too  great  a  magnitude  to  attempt  to  cover  by 
a  single  paper,  before  your  honorable  Association  ;  however,  I 
will  endeavor  to  present  for  your  consideration,  such  facts  as  are 
readily  obtainable  with  my  limited  knowledge  and  ability.  In 
order  to  avail  myself  somewhat  of  the  knowledge  and  experience 
of  others,  several  months  since  I  sent  out  over  100  circulars  to 
"Water  A\  orks  Officials,  using  reservoirs  both  open  and  closed,  in 
the  form  of  questions  on  this  subject,  as  follows  : 

1.  Name  and  address  of  your  system. 

2.  Is  your  reservoir  open  or  closed. 

3.  Capacity  of  reservoir  in  gallons. 

4.  How  built,  of  earth,  brick  or  stone. 

5.  Source  of  supply  of  water. 

6.  QuaUty  of  water  before  entering  reservoir. 

7.  Quality  of  water  after  standing  in  reservoir. 

8.  How  often  do  you  find  it  necessary  to  clean  out  the 
reservoir. 

9.  What  is  the  nature  of  matter  taken  out  in  cleaning. 

10,  Is  reservoir  troubled  with  frost,  if  so,  to  what  extent, 

11,  Is  water  affected  by  action  of  sun,  if  so  how  can  it  be 
prevented. 

12,  Is  water  in  reservoir  affected  at  times  with  bad  odor 
or  taste,  such  as,  fishy,  woodj^  musty,  nauseous,  cucumber, 
vegetable  or  any  other  disagreeable  odor  or  taste,  if  so,  is  it  more 
discernable  at  one  time  of  year  than  another,  and  what  time 
does  it  occur,  how  can  it  be  remedied  or  prevented,  is  water  ever 
polluted  by  fungus  or  mossy  growth,  such  as  algae,  «&c.,  in  what 
kind  of  water  is  this  most  likely  to  occur  and  how  can  it  be  pre- 
vented, please  give  any  other  information  in  your  possession 
bearing  upon  this  subject. 

To  which  I  have,  at  this  date,  June  28th,  received  several 
replies,  many  of  which  are  answers  in  monosylables  to  questions 
asked,  still  quite  a  number  are  more  lengthy  and  contain  much 
valuable  information.  1  allude  to  a  few  of  these,  bearing  more 
directly  on  the  subject  as  follows  : 

St.  Louis,  Mo. ;  open  reservoir,  sixty  millions  gallons  capac- 
ity; built  of  earth,  stone  facing,  walls  in  centre  of  embank- 
ment ;  source  of  supply,  Mississippi  River,  has  not  been  cleaned 
since  built  in  1871,  about  one  foot  of  deposit ;   water  not  aflected 
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by  sun  or  atmosphere,  no  fungus  or  mossy  growth,  algae  or  other 
substance,  no  bad  odor,  taste  or  smell  at  any  time. 

Hannibal,  Mo. ;  open  reservoir,  one  and  one-half  millions 
gallons  capacity,  water  good  before  being  pumped  to  reservoir, 
better  after  standing,  clean  once  a  year,  sediment,  silt ;  not  per- 
ceptibly affected  by  sun  or  atmosphere,  no  fungus  or  mossy 
growth,  no  bad  taste  or  smell  at  any  time. 

Quincy,  Ills. ;  open  reservoir,  twenty-two  millions  gallons 
capacity,  built  of  earth,  stone  lining ;  source  of  supply,  Missis- 
sippi River,  not  yet  necessary  to  clean,  in  use  five  years ;  has  a 
vegetable  growth  in  summer,  a  hairy,  filtrous  moss,  has  a  pro- 
nounced fishy  taste  in  hot  weather,  but  this  does  not  seem  to  be 
due  to  anything  in  reservoir,  as  it  is  not  apparent  in  water 
dipped  up  from  reservoir,  it  is  apparently  due  to  some  condition 
of  the  pipes,  we  have  found  it  remedied  largely  by  blowing  ofl:'all 
the  fire  hydrants,  and  have  concluded  that  the  dead  or  bilgy 
water  in  the  hydrant  connections  with  the  mains  gave  rise  to  it. 

Muscatine,  Iowa ;  reservoirs  closed,  capacity  two  millions 
gallons,  built  of  earth,  brick  and  cement ;  source  of  supply  Mis- 
sissippi River  ;  clean  out  twice  a  year,  sediment,  river  mud  ;  no 
bad  effects  from  sun  or  atmosphere,  as  after  standing  a  week  at 
a  time  water  seems  as  good  and  pure  as  ever  ;  reservoir  20  feet 
deep,  sides  128  by  140,  slopes  IJ  to  1, 

Wm.  Molls,  Supt.  writes ;  in  regard  to  bad  taste  or  odor, 
we  have  never  experienced  any  trouble  in  that  way,  the  only 
trouble  we  have  is  a  green  scum,  a  vegetable  growth  of  cryp- 
togamous  nature,  full  of  animalcula  which  when  exposed  to  the 
sun,  out  of  water,  gives  forth  a  fetid  odor.  This  growth  never 
goes  below  the  surface ;  always  found  on  top,  the  growth  is,  or 
developes  into  the  snail  order,  as  found  by  experiment  by  letting 
them  hatch  out  under  a  glass  case,  but  then  we  have  not  found 
the  first  sign  of  them  in  our  pipes,  and  on  cleaning  out  reservoirs 
it  disappears  entirely.  I  think  all  reservoirs  in  this  section  of 
country  are  affected  in  the  same  way. 

Savanna,  Ills.;  reservoir  closed,  built  of  stone  and  cement ; 
capacity,  eight  hundred  thousand  gallons ;  source  of  supply  iMis- 
sissippi  River,  at  times  a  little  muddy  and  a  slight  swampy 
nature,  after  standing  find  water  much  improved.  W.  H.  Grif- 
fith, Chairman  Board  of  Water  Commissioners,  writes  ;  at  pres- 
ent, use  of  water  about  one  million  gallons  per  week,  we  find 
that  cleaning  out  once  a  year  is  sufficient;  sediment,  a  soft  mud 
of  a  dark  grey  color ;  have  had  no  trouble  with  frost  whatever. 
As  to  the  action  and  effect  that  sun  has  on  water  stored  in  large 
reservoirs,  my  experience  has  not  been  very  large,  still  I  think 
the  heat  of  the  sun  does  create  a  growth  of  green  fungus  matter. 
On  a  recent  visit  to  St.  Catharines,  Ontario,  where  the  Supt.  is  a 
relative  of  mine,  I  find  that  they  are  troubled  with  a  heavy 
growth  of  moss,  so  that  it  was  difficult  to  get  a  small  boat  through, 
although  reservoir  was  thoroughly  cleaned  every  season  at  great 
expense.  My  preventive  would  be  to  construct  a  reservoir 
such  as  we  have  here,  cemented  on  inside  and  with  a  good  roof; 
clean  it  out  as  often  as  necessary,  and  the  trouble  of  fungus  or 
mossy  growth  will  be  obviated. 

Decorah,  Iowa, ;  reservoir  closed ;  capacity  five  hundred 
thousand  gallons  ;  stone  cemented :  source  of  supply,  well ;  not 
cleaned  since  built  in  1881.  An  analysis  shows  it  to  be  the  best 
water  in  the  city,  no  bad  taste,  odor  or  fungus  growth  of  any  kind. 
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E.  B.  Tuttle,  Chairman  of  Water  Works  Committee  at  time 
Works  were  built  in  1881,  writes;  I  am  not  a  member  of  City 
Council  at  present,  but  believe  that  with  open  reservoirs  the 
utmost  care  has  to  be  taken  to  prevent  the  water  from  being  con- 
taminated by  fungus  matter  that  would  be  prejudical  to  the 
health  of  those  using  it.  At  Sioux  City,  Iowa,  their  reservoir  is 
enclosed  with  a  wire  screen  and  in  addition,  a  man  employed  by 
the  year  to  guard  it.  Diphtheria  prevailed  to  some  extent,  in 
Decorah,  last  winter,  and  an  analysis  of  the  water  from  the  dif- 
ferent sources  of  supply  showed  that  the  water  taken  from  the 
reservoir  was  the  purest  that  could  be  obtained.  I  wish  I  was 
more  fully  able  to  give  you  information  on  a  matter  of  such  great 
importance. 

D.  C.  Fry,  Supt.  Water  Works,  Jackso?iville,  Ills.,  writes ; 
our  reservoirs  are  all  open,  the  impounding  reservoir  holds  eighty 
millions  gallons,  fed  from  surface  water,  springs  and  from  tilled 
land  ;  giving  a  description  of  the  manner  reservoirs  are  built ; 
have  cleaned  reservoir  every  two  years  ;  sediment,  mud,  black 
dirt  and  fish ;  are  not  troubled  with  frost ;  water  is  affected  in 
Distributing  Reservoir  a  little  by  the  sun  in  mouth  of  August, 
not  affected  with  bad  odor  ;  We  pump  into  distributing  reservoir 
every  day,  which  keeps  it  pure,  if  allowed  to  stand  for  a  long 
time  it  would  become  stagnant. 

Newport,  Ky. ;  reservoir  open  ;  capacity  forty  millions  gal- 
lons ;  source  of  supply,  Ohio  River  ;  does  not  need  cleaning,  al- 
though in  use  14  years.  Since  works  have  been  in  operation  there  . 
have  been  but  very  few  occasions  when  water  was  affected  by 
bad  odor  or  taste,  in  those  instances,  however,  it  Avas  decidedly 
fishy  ;  as  consumption  has  increased  and  more  frequent  renewals 
of  supply  to  the  basins,  the  trouble  has  ceased,  it  is  about  5 
years  since  the  last  case,  have  never  had  any  trouble,  except  in 
mild  or  warm  weather. 

Catskill,  N.  Y  ;  reservoir  open,  capacity  four  and  a  half 
millions  gallons  ;  source  of  supply  Hudson  River.  F.  P.  Smith, 
Sup't,  writes :  reservoir  has  not  been  cleaned  since  built  in  1885, 
do  not  consider  that  action  of  sun  has  any  effect  on  water  ;  water 
has  been  affected  once  in  each  year  since  works  were  put  in 
operation,  with  a  fishy  odor  and  an  oily,  nauseous  taste,  commenc- 
ing about  May  loth  and  disappearing  in  about  two  weeks ;  this 
spring  the  taste  and  smell  came  promptly  on  time,  and  I  im- 
mediately had  the  mains  thorougly  flushed,  the  taste  and  smell 
continued  only  two  days  after  ;  My  opinion,  however,  is  that  the 
condition  of  the  water  is  due  to  other  cause  than  filthy  water 
mains,  but  I  am  not  at  present  prepared  to  give  a  decided  opinion 
as  to  what  the  cause  is. 

Akron,  O.  ;  H.  C.  Star,  Secy,  and  Treas.  w^ritea:  I  can 
answer  some  of  your  easy  questions,  but  the  hard  ones  I  will  let 
some  one  else  wrestle  with.  Reservoir  open,  six  milUons  gallons 
capacity ;  source  of  supply,  lake  and  well,  quality  about  the 
same  as  Lake  Erie ;  we  keep  water  in  motion  by  pumping,  still 
when  water  is  low  and  sun  shining,  there  will  a  substance  grow 
and  rise  on  the  water,  of  a  mossy  growth  or  perhaps  algae  ;  two 
years  ago  we  had  a  severe  dose  of  fishy  taste  and  smell  and  have 
had  it  mildly  at  various  times  since,  as  to  the  cause  Doctors 
disagree. 

Ithaca,  N.  Y. ;  J.  L.  Morris,  of  Cornell  University,  writes  ; 
reservoir  open,  capacity  one  million  gallons ;  supply  from  Fall 
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Creek,  clean  out  twice  a  year,  water  somewhat  affected  by  sun, 
remedied  by  pumping  in  and  opening  overflow,  sometimes  a 
fishy  taste  in  summer  time,  no  moss,  remedy  open  hydrants  and 
blow  off;  four  open  reservoirs  well  fenced  in,  too  expensive  to 
cover  them. 

Lynn,  Mass. ;  reservoir  open,  capacity  twenty  millions 
gallons  ;  source  of  supply,  small  stream,  cleaned  once  in  13  years. 
Daniel  Walden,  Supt.  writes :  after  explaining  impounding 
basins,  our  theory  has  been  that  the  bad  odor  and  taste  came 
from  the  ponds  being  newly  made,  and  our  experience  would 
seem  to  confirm  that  theory. 

Ottumwa,  Iowa  ;  reservoir  open,  capacity  two  millions  gal- 
lons ;  supply,  river,  cleaned  once  in  five  years  ;  in  regard  to  bad 
odor  and  taste,  most  of  them  are  likely  to  occur  in  extreme  hot 
and  long  drouths,  the  fishy  taste  we  experienced  once. 

Cleveland,  Ohio ;  reservoir  open,  capacity  eighty  millions 
gallons  ;  supply,  Lake  Erie ;  twice  in  twenty  years  had  the  fishy 
taste,  in  month  of  July,  found  water  in  Lake  similarly  affected, 
was  accompanied  both  times  by  rank  growth  of  algae  in  reser- 
voir and  protracted  period  of  still  water  in  Lake. 

Oswego,  N.  Y. ;  reservoir  open,  capacity  seven  and  a  half 
millions  gallons:  supply,  Oswego  River,  with  filters,  clean  reser- 
voir once  in  two  or  three  years  ;  months  of  June,  July  and 
August  sometimes  gives  a  fishy  or  cucumber  flavor,  cannot  be 
remedied  except  by  expensive  filteriag  and  aeration  ;  very  little 
fungus  or  mossy  growth  of  algae,  &c.,  remedied  by  drawing  off 
water,  letting  sun  kill  the  growth,  then  clean  it  out. 

Grand  Rapids,  Rlich. ;  A.  C.  Sekell  writes:  reservoir  open, 
capacity  six  millions  gallons;  had  fishy  taste  in  time  past,  but 
know  of  no  careful  studies  relating  to  the  cause  ;  have  about  ten 
miles  of  wooden  pipes  in  which  are  many  fresh  water  sponges. 
My  opinion  is  that  storage  reservoirs  holding  stream  or  surface 
water,  may  properly  be  left  open  when  of  large  extent  and 
having  at  least  20  feet  depth,  when  the  supply  is  ground  or  spring 
water,  storage  basins  should  be  covered  in  as  tightly  as  possible, 
to  the  exclusion  of  all  light  and  air.  This  I  think  was  the 
opinion  of  the  late  Prof.  Nichols. 

Paterson,  N.  J.;  four  reservoirs,  open,  capacity  fifty  mil- 
lions gallons ;  supply  Passaic  River ;  when  river  is  very  low, 
water  tastes  fishy,  river  is  fed  by  springs  ;  pump  each  day  what 
is  consumed,  and  as  water  is  constantly  changing  are  never 
troubled  with  algae. 

New  Brunswick,  N.  J. ;  A.  J.  Jones  writes:  reservoir  open, 
capacity  fifteen  millions  gallons;  description  and  drawing,  show- 
ing how  built ;  clean  out  once  a  year  ;  source  of  supply  Lawrence 
Brook,  of  good  quality  and  soft,  contains  at  certain  seasons  much 
vegetable  matter  in  suspension,  which  we  believe  to  be  the  prin- 
cipal cause  of  the  unpleasant  odor  and  taste  occasionally  noticed, 
and  which  has  been  the  cause  of  much  complaint  in  past  seasons 
or  until  1883,  since  which  it  has  gradually  improved;  the  taste  was 
of  the  fishy,  woody,  cucumber  variety  of  which  you  speak,  and  al- 
though at  times  coming  as  early  as  June,  is  not  generally  noticed 
until  July  or  August.  It  is  not  noticable  in  the  lake  from  which 
the  water  is  drawn,  nor  was  it  noticed  there  when  the  water  in 
reservoir  was  particularly  objectionable,  which  led  me  to  seek  the 
cause  between  the  lake  and  reservoir.  After  many  fruitless  efforts 
in  other  directions  and  some  attempt  to  renaove  it  or  purify  it  with- 
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out  filtering'  the  water  in  the  reservoir,  I  found,  by  experiment  that 
the  water  if  kept  quite  under  pressure  for  two  or  three  days,  when 
released  would  emit  the  odor  complained  of,  while  if  kept  in 
open  vessels  for  the  same  period  of  time  appeared  to  remain  in 
good  condition.  We  then  stopped  the  pumps  and  left  the  water 
standing  in  the  mains  for  from  48  to  72  hours,  and  as  a  rule  it 
spoiled  ;  since  then  we  never  (if  possible  to  avoid  it)  permit  the 
water  to  stand  in  the  pumping  mains  longer  than  12  hours,  and 
have  had  scarcely  any  trouble  although  we  sometimes  get  a  trace 
of  it.  If  our  engines  are  not  in  operation  for  a  day  or  two,  which  is 
frequently  the  case  with  us,  we  draw  off  all  the  water  from  the 
pumping  mains  before  starting  the  pumps  again.  In  the  dis- 
tributing and  particularly  where  the  circulation  is  not  as  jDerfect 
as  it  should  be,  we  resort  to  the  frequent  blowing  off  at 
hydrants.  Our  reservoirs  are  kejot  entirely  free  from  any  vege- 
table growth  I  do  not  offer  the  foregoing  as  a  solution  of  the 
diflficulty  by  any  means,  but  merely  to  give  you  the  benefit  of 
our  investigations.  I  regret  my  inability  to  furnish  you  with 
more  on  the  subject  which  might  be  of  service  to  you  in  prepar- 
ing what  must  certainly  form  an  interesting  paper. 

Pierre,  Dakota;  J.  W.  Troy  writes:  Reservoir  closed, 
capacity  one  million  gallons,  source  of  supply,  settling  well  near 
Missouri  river,  quality  of  water  pure  and  clear  as  it  goes  to  reser- 
voir ;  do  not  think  it  would  be  necessary  to  clean  reservoir  oftener 
than  once  in  two  years,  as  after  pumping  two  years  drew  off 
water  to  clean  it,  but  found  nothing  to  clean  out,  five  pails  held 
all  the  sediment,  which  was  fine  sand  carried  through  with  the 
water  from  settling  well.  Water  in  well  when  not  protected 
from  sun,  developes  a  fungus  or  mossy  growth,  but  when  pro- 
tected from  sun  remains  pure.  This  I  have  found  by  experi- 
menting since  the  subject  was  discussed  at  Denver  last  year. 
Water  in  reservoir  is  not  affected  at  any  time  with  any  disagree- 
able odor  or  taste,  but  if  drawn  off  in  vessels  exposed  to  sun  and 
air,  it  would  assume  a  color  resembling  water  that  leather  had 
been  soaked  in,  and  have  odor  like  old  rubber.  I  have  made 
chemical  tests  of  water  here  and  find  quite  a  per  cent,  of  magnesia 
or  chalk  with  slight  trace  of  iron  and  very  slight  trace  of  organic 
matter. 

Nashville,  Tenn.;  Geo.  Reyer  writes:  Reservoir  open, 
capacity  two  and  a  half  millions  gallons,  source  of  supply  Cum- 
berland river,  very  muddy  after  heavy  rains,  clean  out  once  a 
year,  sediment  8  to  12  inches  deep,  water  at  its  worst  will  settle 
clear  and  pure  in  48  hours.  Sediment  composed  of  sand  and 
clay ;  becomes  offensive  when  exposed  to  sun  and  air;  no  bad 
taste  or  smell  at  any  time  and  but  little  mossy  growth  and  only 
in  July  and  August  when  water  is  perfectly  clear,  have  called 
attention  of  health  officer  to  this  growth,  and  he  says  it  is  not 
deleterious  to  health  as  it  is  the  same  as  found  on  stones  in  pure 
streams.  As  to  covering  of  reservoirs,  it  is  my  opinion  that  much 
depends  on  localities  ;  if  is  distant  from  thickly  populated  dis- 
tricts and  manufactories,  I  do  not  think  it  necessary  to  have 
them  covered  only  in  very  cold  chmates  ;  if  however,  they  are 
located  within  or  near  manufactories,  then  it  may  be  best  to 
cover  them.  The  affinity  which  water  has  for  foul  gases  is  readily 
shown  by  leaving  an  open  vessel  of  water  in  a  sleeping  apartment 
where  ventilation  is  poor,  and  after  one  night  the  water  becomes 
very  obnoxious.      Chemistry  informs  us   that  strong  traces  of 
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ammonia  are  found  in  dew  taken  from  grass  at  considerable 
distance  from  manufactories  using  bituminous  coal,  which  con- 
tains considerable  free  ammonia,  this  being  the  case,  it  strikes 
me  that  with  the  great  affinity  which  water  has  for  this  partic- 
ular gas,  that  large  bodies  of  water  would  absorb  considerable, 
especially  in  places  where  a  large  amount  of  soft  coal  is  used 
as  fuel. 

From  a  careful  consideration  of  the  foregoing  reports  and 
a  personal  knowledge  of  the  facts  connected  with  many  other 
water  works  and  reservoirs,  we  are  led  to  the  following  conclus- 
ions, viz  :  That  pure  water,  as  taken  from  the  earth,  either  from 
wells  or  springs,  is  by  nature  very  productive  of  both  animal 
and  vegetable  life,  and  that  under  favorable  conditions  these 
productions  are  spontaneous  and  without  previous  germination, 
still  there  are  certain  conditions  required  to  spontaneously 
produce  these  growths.  Some  of  the  conditions  required  are  as 
follows,  viz ;  That  the  water  itself  must  be  practically  pure, 
that  it  must  be  of  a  temperature  of  at  least  50  degrees  Fahren- 
heit, that  it  must  be  exposed  to  sun-light  and  air,  that  it  must 
be  without  pressure  or  at  least  not  to  exceed  5  to  8  lbs.  pressure 
per  square  inch,  that  it  must  be  without  contamination  from 
sewage  matter.  As  an  illustration  :  Where  reservoirs  or  basins 
are  over  15  to  20  feet  deep,  algae  is  not  known  in  the  water, 
neither  is  it  known  in  water  polluted  with  sewerage,  although 
the  mossy  growth  may  exist  in  water  more  polluted  than  that 
which  would  produce  algae ;  as  for  instance,  the  water  of  the 
Mississippi  river,  which  carries  the  sewerage  of  millions  of 
people  and  domestic  animals,  is  sufficiently  polluted  to  prevent 
the  growth  of  algae,  still  in  some  instances  the  mossy  growth 
partially  thrives,  while  the  water  is  generally  considered  fair  for 
domestic  purposes.  As  to  what  algae  is,  whether  vegetable  or 
animal  growth,  it  is  not  positively  known,  but  of  either  class,  it 
is  evident  that  it  is  of  the  lowest  order  and  produced  sponta- 
neously by  the  action  of  the  sun  upon  pure  water  of  no  great 
depth.  It  appears  to  commence  its  growth  in  the  early  spring- 
time, thriving  till  May  or  June,  when  it  appears  to  mature  and 
release  its  hold  upon  the  bottoms  and  sides  of  reservoirs,  rising 
to  the  surface  and  decaying  in  July  and  August,  and  producing 
the  nauseous  odor  and  taste  so  often  alluded  to.  Since  it  would 
follow  that  the  presence  of  algae  in  water  is  good  evidence  of  its 
purity,  and  to  a  certain  extent,  the  presence  of  the  mossy  growth 
alluded  to,  is  also  evidence  of  water  comparatively  pure,  if  the 
above  theory  is  correct,  the  next  question  to  be  considered  is 
how  to  prevent  such  growth  in  pure  water.  This  can  be  done  in 
several  ways.  First,  have  reservoirs  deep ;  second,  have  them 
covered  so  as  to  exclude  sun-light  and  air,  which  materially  aids 
in  keeping  temperature  at  its  lowest  point,  and  again  by  admit- 
ting a  sufficient  amount  of  sewerage  or  filth  to  prevent  its 
growth.  It  is  no  doubt  a  fact  that  many  persons  in  charge  of 
water  works  have  declined  to  answer  questions  on  this  subject, 
where  the  water  produced  such  offensive  odor  and  taste,  pre- 
ferring that  the  public  should  be  kept  in  ignorance  of  the  fact 
if  possible,  rather  than  aid  in  solving  an  important  problem. 

On  May  8th,  last,  the  writer  obtained  from  a  small  lake, 
known  as  Buell'sLake,  near  St.  Peter,  Minn.,  a  quantity  of  the 
above  described  mossy  growth  and  algae,  and  has  since  kept  it  in 
Mississippi  River   water,    changing    water  occasionally.     The 
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algae  disappeared  in  a  very  few  days,  while  the  mossy  growth 
partially  thrives.  The  lake  referred  to,  is  of  an  area  of  a  about 
18  acres,  with  a  varying  depth  of  2  to  8  feet.  This  lake  is  sup- 
posed to  be  fed  by  springs,  having  no  visible  inlet  or  outlet  and 
having  a  water  shed  of  less  than  5  acres,  the  waters  of  which, 
from  the  dryest  to  the  dampest  seasons,  have  never  been  known 
to  vary  to  exceed  one  foot.  This  mossy  growth  grew  thickest 
on  the  side  of  lake  from  which  the  springs  were  supposed  to  be, 
and  where  the  depth  was  least,  none  growing  where  water  was 
more  than  six  feet  deep.  Algae  was  only  found  near  where  the 
springs  were  supposed  to  be  located.  'Samples  of  this  mossy 
growth  will  be  shown  members  of  Convention:  an  analysis  of 
the  waters  of  above  lake  has  been  made,  but  not  yet  received, 
if  received  in  time  will  also  be  submitted. 

Xow  to  the  main  question,  should  Storage  Reservoirs  be 
open  or  closed,  it  would  appear  that  if  water  is  taken  from  the 
ground,  either  from  wells  or  springs,  that  it  is  very  important 
that  the  reservoirs  should  be  completely  covered  so  as  to  exclude 
sunlight  and  heat,  but  well  ventilated  ;  while  with  water  taken 
from  rivers  and  lakes  it  is  of  much  less  importance,  especially 
when  stored  in  large  bodies.  Still  where  it  can  be  practically 
done,  it  would  no  doubt  be  much  better  to  exclude  sunlight 
from  all  Storage  Heservoirs. 

The  President  : — Mr.  Denman,  are  yon  ready  upon 
the  subject  of  the  legal  relations  of  water  companies  and 
consumers  ? 

Mr.  Denman  : — I  am  ready.  I  fear  we  are  getting 
almost  too  scientific  for  practical  purposes.  We  have 
pretty  thoroughly  discussed  the  different  mechanical  appli- 
ances necessary  to  the  supply  of  water,  the  various  methods 
of  purifying  or  filtering  the  same,  all  of  which  is  not  only 
interesting  to  water  purveyors  but  necessary  and  beneficial. 
These  things  do  not,  however,  comprise  all  that  is  necessary 
for  the  successful  conduct  of  water  works. 

For  it  matters  not  that  you  have  all  these  in  per- 
fection, engines  and  pumps  of  most  improved  pattern, 
pipes  and  pipe  system  the  most  comprehensive,  water  as 
pure  as  perfected  chemistry  can  make  it,  but  failing  to 
understand  your  relations  to  the  public,  to  make  rules  and 
regulations  for  the  conduct  of  your  affairs,  such  as  shall 
stand  the  scrutiny  of  the  courts  and  shall  be  just  and 
equitable  ;  to  devise  means  not  only  for  the  gathering  of 
your  revenues,  but  also  for  the  wise  application  of  them  ; 
these  things  and  more,  to  assume  such  attitude  before  the 
public  as  that  every  fair  minded  person  shall  be  compelled 
to  concede  the  justice  of  every  demand  you  make  and  to 
pay  your  bills  as  debts  honestly  incuiTcd ;  to  fail  in  these 
is  to  fall  short  of  that  measure  of  success  which  ought  to 
accrue  to  every  well  conducted  business.  I  think,  sir,  that 
were  a  genuine  effort  made  to  instruct  the  public  in  their 
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due  relations  to  the  corporation  which  furnishes  them 
water,  that  soon  we  would  hear  less  and  by  and  by  no  com- 
plaints at  all  of  services  rendered.  I  would  take  this 
occasion  to  impress  upon  our  association  the  necessity  and 
the  good  of  learning-  first  what  are  our  rights  before  the  law, 
and  then  of  firmly  but  kindly  practicing  such  things  as  are 
just  and  equitable,  and  such  only. 

I  have  here  a  book  prepared  by  my  son,  the  result  of 
many  months  of  labor  by  research  in  libraries  and  of  cor- 
respondence, which  embraces  all  the  decisions  of  the 
courts  in  every  State  of  the  Union,  of  the  United  States 
Supreme  Court,  of  the  courts  of  England  and  her  depend- 
encies, concerning  the  rights  of  citizens  with  relation  to 
water  companies,  I  mean  courts  of  final  appeal.  Of  course 
I  cannot  read  all  that  there  is  here,  but  must  content 
myself  for  the  present  by  reading  a  few  words  from  the 
preface. 

The  book  will  be  open  to  your  inspection  during  the 
remaining  days  of  the  session.  This  digest  embraces  the 
decisions  in  reference  to  water  supply  of  the  courts  of 
the  United  States,  and  of  England  and  her  dependencies. 
It  is  hoped  that  it  will  be  found  complete  as  to  all  cases 
found  in  the  regular  reports  up  to  the  year  1886.  Where 
we  had  reason  to  suspect  the  completeness  of  the  digests 
of  the  various  sets  of  reports,  the  index  of  each  volume 
has  been  separately  examined.  There  is  no  text  book  or 
digest  covering  the  whole  ground  occupied  by  this  work. 
Angel  on  Watercourses,  discusses  fully  and  exhaustively 
the  subject  of  springs,  wells  and  subterranean  waters. 
Dillon  on  Municipal  Corporations,  discusses  fully  the  law 
regulating  the  relations  which  exist  between  water  com- 
panies and  cities.  Williams'  Prescriptive  Eights,  gives  the 
run  of  the  decisions  regarding  the  right  to  use  streams 
and  other  waters  acquired  by  lapse  of  time.  Coulson  and 
Forbes  on  Waters,  and  Gould  on  Waters,  particularly  the 
former,  have  very  many  paragraphs  of  interest  to  water 
companies  in  various  ways.  Cooley  on  Taxation,  discusses 
fully  the  subject  of  the  taxation  and  exemptions  of  water 
companies,  and  the  subject  of  assessments  for  water 
fixtures  and  improvements.  Michiel  and  Wills'  Digest  of 
the  Law  of  Gas  and  Water,  gives  a  complete  digest  of  all 
the  English  statutes  and  decisions  in  relation  to  this  sub- 
ject. The  American  and  English  Corporation  Cases  give 
all  the  late  cases  affecting  water  companies,  and  many 
valuable  notes  as  well.  Much  of  value  in  the  way  of 
notes  has  also  been  found  in  the  American  Reports  and 
in  the  American  Decisions.    The  Digest  of  Gas  Decisions, 
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by  Greenougb,  an  American  work,  furnishes  much  that  is 
valuable  by  way  of  analogy.  But  we  have  found  no  work 
or  digest  setting  forth  the  American  law  of  water  works 
in  a  manner  designed  to  meet  the  peculiar  situations  such 
companies  often  find  themselves  placed  in.  It  is  hoped 
that  this  work  will  prove  a  correct  guide  to  all  that  has 
been  decided  in  reference  thereto. 

The  work  embraces,  among  others,  the  follow- 
ing subjects:  Property  in  AVater;  Nature  of  Water 
Companies  ;  Water  Companies  and  the  Government ;  Duty 
of  Water  Companies  to  third  parties  not  consumers  ;  Con- 
sumers ;  Eminent  Domain ;  Pollution  of  Waters ;  Munici- 
pal Water  Works. 

Upon  the  decisions  herein  contained  the  article 
which  I  now  beg  leave  to  present  is  mainly  based. 


[Copyright  1887,  by  A.  H.  Denman] 

THE  LEGAL  RELATIONS  EXISTING  BETWEEN 
WATER  COMPANIES  AND  CONSUMERS. 

BY  A.   H.   DENMAN,   ATTORNEY,   DES  MOINES,   lA. 

Company  compelled  to  furnish  water  to  those  who  apply. — 
Water  companies  as  they  are  generally,  if  not  universally,  organ- 
ized, belong  to  tlie  class  of  quasi  public  corporations.  Tliey  are 
private  companies  to  wlioni  the  State  has  delegated  certain  of 
its  powers  for  the  purpose  of  enabling  them  to  do  a  public  work. 
The  State  grants  tlie  franchise  for  the  benefit  of  its  citizens,  and 
such  companies  cannot,  therefore,  refuse  to  supply  all  who  were 
intended  to  be  benefitted  by  that  franchise.  A  water  company 
stands  in  some  sense  in  the  position  of  a  public  officer  authorized 
to  administer  to  a  certain  public  necessity,  and  is  not  privileged 
to  make  exceptions  to  the  general  provisions  of  the  law  which 
gives  it  its  power.  It  is  for  such  companies  to  yield  their  facilities 
to  all  who  conform  to  certain  conditions  and  come  within  the 
intention  of  the  statute,  and  for  a  higher  power  to  determine 
who  shall  be  the  objects  of  that  bounty.  It  is  difficult  to 
conceive  of  a  work  which  comes  more  legitimately  within  the 
province  of  the  Legislature  or  of  municipalities  than  that  of 
bringing  a  supply  of  water  within  reach  of  all  or  as  many  as 
possible  of  the  inhabitants,  and  of  affording  facilities  in  the  way 
of  reservoirs,  water  mains,  etc.,  of  which  every  one,  by  complying 
with  reasonable  requirements,  may  avail  himself.  But  it  would 
not  probably  be  held  that  the  State  alone  can  traffic  in  Avater  to 
the  exclusion  of  individuals.  If  the  State  should  undertake  to 
forbid  anyone  from  buying  and  selling  water  except  those  whom 
it  might  permit,  or  to  whom  it  might  give  the  exclusive  right,  it 
would  indeed  create  a  monopoly  in  the  plainest  sense  of  the  term. 
But  the  State  has  certain  powNrs  which  are  peculiarly  her  own, 
and  which  she  can  delegate  or  not,  as  she  sees  lit.  These  things 
are  not  the  legitimate  subjects  of  private  enterprise,  and  the 
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delegation  of  these  powers  by  the  State  to  one  or  more  parties 
to  the  exchision  of  others  is  not  obnoxious,  as  establishiuo:  a 
monopoly.  Therefore,  while  the  State  may  not,  perhaps,  forbid 
traflBc  in  water  by  private  individuals,  it  lies  entirely  with  her  to 
say  whether  one  or  mere  such  persons,  to  the  exclusion  of  all 
others,  shall  use  the  streets  for  the  laying  of  water  mains,  or 
condemn  private  property  for  the  carrying  ori  of  their  work,  or 
who  it  shall  contract  with  for  the  supplying  of  public  buildings, 
sprinkling  streets,  etc.  So  whether  or  iiot  a  water  company  can 
be  considered  as  a  quasi  public  corporation,  and  therefore  bound 
to  supply  all  who  reasonably  apply  to  it,  depends  upon  the  fact 
of  its  acting  in  any  sense  for  the  State.  To  this  end  it  is  pertinent 
to  inquire  whether  the  State  has  delegated  any  of  its  powers  to 
the  company,  or  given  it  any  exclusive  privileges  in  the  use  of  its 
streets,  etc.,  or  given  it  the  right  to  condemn  private  property,  or 
in  any  other  manifested  the  intention  that  the  company  should 
act  for  the  State  in  supplying  the  public  necessities. 

In  regard  to  gas  companies  it  has  been  held  that  to  be  a 
public  corporation,  and  liable  as  such,  the  company  must  have 
more  than  a  mere  license  or  permission,  not  exclusive,  to  lay  its 
mains  in  the  streets,  nor  would  the  additional  fact  that  the 
comj)any  is  the  sole  manufacturer  of  gas  in  a  certain  neighbor- 
hood, bind  it  to  furnish  gas  to  any  or  all  persons  longer  than  its 
convenience  or  cai)rice  might  induce  it  to  do  so.     (1) 

Consumers  Must  Corin'ilr/  xvith  Beasonahle  Beqxurements. — 
If  the  company  is  bound  to  furnish  water  to  all  who  applj\  it 
follows  as  a  matter  of  course  that  it  must  do  so  upon  reasonable 
terms.  All  rules  and  exactions  on  the  part  of  the  company 
which  tend  to  deprive  one  of  the  privileges  contemplated  by  the 
incorporation  of  the  company  are,  as  far  as  they  go,  violations  of 
the  principle  which  has  just  been  discussed.  The  company  can 
no  more  insist  upon  an  unreasonable  exaction  than  it  can  un- 
reasonably and  capriciously  refuse  water  to  one  who  applies. 
The  former  differs  from  the  latter  only  in  degree  and  not  in  kind. 
On  the  other  hand,  the  right  to  draw  water  from  the  pipes  of  a 
water  company  is  property  and  is  not  to  be  demanded  as  an  un- 
fettered right.  (2) 

There  is  a  corresponding  duty  on  the  part  of  the  consumer 
to  comply  with  all  reasonable  conditions — he  must  make  demand 
on  the  company  for  water  ;  he  may  be  required  to  do  so  formally 
by  coming  in  person  to  the  office  of  the  company  and  there  sign- 
ing a  written  or  printed  application,  which  shall  embody  the 
contract  between  him  and  the  company  and  bind  him  to  submit 
to  reasonable  conditions  imposed  by  the  company;  he  maybe 
required  to  pay  in  advance  and  to  naake  a  reasonable  deposit  to 
secure  the  prepayment  of  the  rate  for  the  future  ;  to  answer 
correctly  questions  concerning  the  probable  number  of  rooms,  size 
of  premises,   number  of  stops  etc.;  (3)  he  must  provide  himself 

(i)     Hoddesdon   Gas  etc.    Co.  vs  JTaselwood,  6,  Com.  B. 

N.  S.  239  ;  Patterson  Gas  etc.  Co.  vs.  Brady,  27  N.  J.  Laiv,  245. 
(2).     PhiladelpJna  vs.  Cook,  30  Pa.  St.  56.     [61) 
(5).     Williams  vs.  Gas   Co.  4  Am.  &  E.  Corporation  Cases 

66.  {See  reporter's  7iotes).  Shepard  vs.  Milwaukee  Gas  Co.,  15 
Wis.  SIS.     For  a  series  of  regulations  held  to  be  unreasonable, 

see  Shepard  vs.  Milwaukee  Gas  Co.,  6  Wis.  539. 
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with  proper  plumbing  and  make  it  safe  and  free  from  leaks,  (1) 
or  else  the  company  will  have  the  right  to  refuse  the  demand. 
Many  other  regulations  growing  out  of  the  necessities  of  the 
case  or  the  peculiar  relations  subsisting  between  the  parties,  will 
doubtless  be  upheld  by  the  courts. 

"Where  one  makes  his  own  private  and  suitable  connections, 
he  is  entitled  to  receive  water  through  them  and  connot  be  com- 
pelled by  the  company  to  take  through  other  fixtures  and  share 
the  expense  in  common  with  other  persons.  Thus,  where  one 
occupies  apartments  in  a  "model  lodging  house,"  which  is  a 
building  divided  into  distinct  compartments  for  each  family,  and 
such  person  has  his  own  separate  and  appropriate  connections 
for  supplying  his  own  needs,  the  company  has  no  right  to  insist 
on  supplying  the  whole  building  through  one  system  of  pipes 
and  compel  such  person  to  take  water  and  share  the  expense 
thereof  in  common  with  the  other  occupants  of  the  house,  any 
more  than  it  could  compel  the  occupants  of  a  block  of  houses  to 
take  water  in  this  way.  (2). 

The  compauj'  may  refuse  to  supply  a  person  already  in- 
debted to  it  or  who  refuses  to  pay  the  rate.  (3.)  The  contract 
between  the  consumer  and  the  company  is  a  personal  one  and 
the  occupant  of  a  house  connot  be  charged  with  the  water  rate 
defaulted  by  a  former  occupant  of  the  same  house.  (4.)  So,  also, 
where  the  tenant  defaults  his  water  rat.j  and  the  landlord  after- 
wards moves  into  the  same  premises,  the  company  cannot  refuse 
to  supply  the  landlord  because  of  the  tenant's  default.     (5) 

The  consumer  cannot  compel  the  company  to  supply  him 
with  water  as  for  a  family  purpose  when  he  has  provided  his 
home  with  the  fixtures  of  a  much  larger  establishment.  The 
fixtures  must  be  adapted  to  the  demands  made  upon  the  com- 
pany. (6).  The  company  may  refuse  to  supply  one  until  he  does 
away  with  all  fixtures  except  such  as  belong  to  the  class  of  con- 
sumers among  which  he  intends  to  be  classed.    For  instance, 


(1).  Shei^ard  vs.  Milwaukee  Oas  Co.,  6  Wis.  539  ;  Sheffield 
Water  Co.  vs.  Wilkmson,  4  L.  R.  C.  P.  D.  410. 

(£*).  Young  vs.  Boston,  I'UMass.  95.  The  ^^ Model  Lodging 
House'''' iyithis  case  consisted  often  suits  of  apartments  or  tenements, 
each  one  of  luhich  contained  a  sleejnng  room,  kitchen  and  water 
closet  and  all  the  conveniences  of  a  coiyirnon  dwelling  house.  There 
tcere  no  fixtures  in  the  house  used  in  common  by  the  tenants,  and  no 
mechanical  difficulty  in  the  way  of  making  separate  connections 
or  of  attaching  a  meter  to  ascertain  the  amount  of  ivater  used  in 
each  apartment.  The  apartments  were  not  owned  by  tenants,  but 
the  whole  building  was  owned  and  controled  by  a  corporation 
which  had  general  charge  of  the  building  and  control  of  the  outer 
doors  and  halls.  An  ordinance  of  the  city  of  Boston  also  made 
special  provision  for  such  tenements  where  they  had  separate 
water  fixtures. 

(5).  yote  4  Am.  &  E.  Corp.  Cases  70.  People  vs.  M.  G. 
Lt.  Co.  45  Barb.  136. 

[4).  Sheffield  Water  Co.  vs.  Wilkinson,  4  L.  B.  C.  P.  D. 
410. 

(5).  Dayton  vs.  Quigley  29  N.  J.  Eq.  77 ;  Dillon  Mun. 
Corp.  320. 

(6.)    Sheffield  W.  Co.  vs.  Carter,  8  Q.  B.  D.  832. 
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where  one  contracts  for  water  for  family  uses,  which  the  statute 
makes  to  include  movable  but  not  stationary  bath  tubs,  the 
company  may  refuse  to  turn  on  the  water  until  the  consumer 
disconnects  entirely  the  inlet  pipes  to  his  stationary  tubs,  but 
the  company  cannot  refuse  because  the  consumer  will  not  dis- 
connect his  out-let  pipes  as  well.  (1),  Where  the  company  is 
allowed  to  furnish  water  for  family  purposes  at  one  rate  and 
water  for  all  other  purposes  at  another  rate,  it  has  a  right  to  insist 
that  the  consumer  make  separate  connections  and  attach  a  meter 
so  that  the  company  may  ascertain  how  much  water  is  used  for 
other  purposes  than  for  the  family. 

As  to  whose  duty  it  is  to  pay  for  the  meter  will  be  con- 
sidered presently. 

Although  the  company  has  an  undoubted  right  to  cut  off 
the  supply  of  a  consumer  because  of  non-payment  of  the  rate 
where  the  consumer  does  not  dispute  the  amount  due,  yet  the 
company  is  not  thereby  made  the  sole  judge  of  the  amount  due 
to  itself.  If  the  amount  due  is  in  dispute,  the  company  may  be 
enjoined  from  cutting  off  the  water  until  the  question  is  adju- 
dicated, and  it  would  seem  from  this  that  the  courts  would  refuse 
to  order  the  water  turned  on  again  after  it  had  once  been  turned 
off  by  the  company,  until  after  the  consumer  can  show  just  as 
conclusively  that  the  claim  the  company  has  against  him  is  base- 
less. (2).  Nor  can  a  meter  be  taken  as  conclusive  of  the  amount 
due  to  the.  company,  although  approved,  tested  by  arbitration 
according  to  statute  and  found  to  work  correctly. 

In  the  case  of  Sickels  vs.  Manhattan  Ga's  Company  (3)  an 
injunction  was  issued  against  the  company,  forbidding  it  from 
cutting  off  the  gas  from  the  house  of  S.  On  hearing  of  a  motion 
to  dissolve  the  injunction,  testimony  was,  that  S.  on  going  to 
Europe  with  his  family,  turned  off  the  gas  ft  om  his  meter  and 
pipes  bj'-  a  stop-cock  in  the  cellar  and  within  reach  of  any  one  in 
the  house.  The  servants  testified,  and  there  wa«  no  direct 
attempt  to  impeach  their  testimony,  that  the  gas  continued  turned 
off  during  the  entire  absence  of  S.'and  his  family.  But  the  meter 
indicated  that  a  considerable  quantity  of  gas  had  been  consumed 
meanwhile.  The  meter  was  admitted  to  be  in  good  condition, 
and  the  company  introduced  testimony  showing  the  impossibility 
of  the  meter's  registering  anything  unless  gas  passed  through  it. 
The  court  held,  however,  that  the  above  testimony  was  sufficient 
to  cast  a  doubt  upon  the  correctness  of  the  meter,  and  refused  to 
disturb  the  injunction  until  the  question  as  to  how  much  was  due 
from  S.  to  the  company,  was  settled  by  a  judgment  at  law. 

In  harmony  with  the  principle  of  the  case  of  Sickles  vs. 
Gas  Company,  it'has  been  held  in  Maryland  that  if  a  consumer 
owns  two  houses,  and  pays  the  price  of  the  water  consumed  in 
one,  but  disputes  his  bill  as  to  the  other,  the  company  will  be 
enjoined  from  cutting  off  the  water  from  the  house  paid  for 
until  the  amount  of  indebtedness  in  dispute  has  been  adjudi- 
cated.    (4)    It  would  seem  to  follow  from  this  that  if  one  owned 

(i).     Sheffield  W.  Co.  i>s.  Carter,  supra. 

{2).     Sickels  vs.  Manhattan  Gas  Co.,  64  Soiv.  Pr.  334. 

(s).     Sickels  vs.  Manhattan  Oas  Co.,  66  Mow.  Pr.  31. 

(4.)  Gas  Light  Co.  vs.  Colliday,  Shepard  vs.  Milwaukee 
Gas  Co.,  supra,  Sheffield  Water  Co.  vs.  Wilkinson,  4  L.  R  C.  P. 
D.  110. 


[7] 


86 

several  houses  the  company  may  refuse  to  furnish  water  to  any 
of  them  until  the  consumer  satisfies  his  indebtedness  as  to  all, 
it  being  admitted  that  he  owed  a  debt  to  the  company  on  any 
one  of  them.  So  also  it  would  seem  that  if  one  became  indebted 
to  the  company  at  one  place  and  moved  to  another,  the  company 
may  refuse  to  furnish  the  water  until  the  first  debt  is  discharged. 

Measure  of  damages  for  refusal  of  tvater  and  for  cutting 
off  the  same. — In  Gas  Light  Co.  vs.  Colllday,  25  Md.,  1,  it  is 
held  that  to  unlawfully  break  the  pipe  of  a  consumer  connecting 
with  a  gas  main  is  a  trespass  for  which  damages  are  recoverable, 
and  the  measure  thereof  is  the  deterioration  in  the  value  of  the 
premises  for  sale  or  rental,  and  the  cost  of  removing  the  fixtures 
and  restoring  the  premises  to  their  former  condition.  In  Shep- 
ard  vs.  Milwaukee  Gas  Co.,  15  Wis.,  318,  where  gas  was  wrong- 
fully denied  to  a  store,  the  plaintiff  was  allowed  to  recover  for 
the  damage  done  to  his  business  which  could  be  actually  traced 
to  this  cause,  and  also  an  allowance  for  the  inconvenience  and 
annoyance.  The  rule  cannot  be  different  for  water  companies, 
and  may  be  briefly  stated  to  be  all  the  cost  of  restoring  the 
premises  to  their  former  condition  and  allowance  for  all  other 
losses  in  rents,  profits  and  disturbance  of  the  enjoyment,  which  are 
directly  traceable  to  the  trespass.  In  order,  however,  to  claim 
damages  the  consumer  must  place  himself  in  a  right  relation  to 
the  company,  by  making  suitable  connections  and  tender  of  the 
rate.    (1). 

"Where  tender  has,  however,  been  once  refused  the  con- 
sumer need  not  repeat  the  tender  every  month,  or  whenever  his 
bill  usually  falls  due.  He  has  a  right  to  presume  that  the  tender 
is  refused  until  the  companj"^  notifies  hina  to  the  contrary.     (2). 

Obligation  and  Liability  of  the  Water  Compantj  in  Case 
of  Conflagration. — In  the  absence  of  express  contract,  a  water 
company  cannot  be  held  liable  in  damages  for  the  destruction  of 
the  premises  of  a  consumer  by  a  fire,  which  might  have  been 
quenched  had  the  water  been  furnished,  even  though  the  com- 
pany was  at  fault  in  not  keeping  up  the  supply.  (3).  Not  only 
so  but  the  company  may  altogether  refuse,  in  the  absence  of  a 
contract,  to  furnish  water  for  extinguishing  a  fire,  although 
that  may  have  been  one  of  the  objects  of  its  incorporation.  (4). 
If  the  consumer  appropriates  for  that  purpose  the  water  of  the 
company,  which  he  has  at  hand,  dt  is  doubtful  if  the  company 
could  recover  its  vaiue.  If  the  company  contracts  to  keep  up  a 
supply  of  water  in  the  pipes  at  a  certain  pressure,  with  a  view  to 
quenching  fires,  it  would,  probably,  under  a  familiar  rule  of  the 
law  of  damages,  be  held  liable  at  the  suit  of  the  other  contract- 
ing 2oarty,  who  has  been  damaged.^  for  all  injury  which  could  be 
clearly  traced  to  the  failure  of  the  company  to  keep  up  the  supply 
of  water,  according  to  its  contract. 

(i.)  Qas  Light  Co.  vs.  Colliday,  Shepard  vs.  3Iilwaukee 
Oas  Co.,  supra,  Sheffield  Water  Co.  vs.  Wilkinson,  4  L.  R.  C.  P. 
D.  110. 

{2).     Shepard  us.  Milwaukee  Oas  Co.,  15  Wit.  SIS. 

{3).  Nickerson  vs.  Bridgeport  Hydraidic  Co.  46  Conn.  24  ; 
Atkinson  vs.  Newcastle  &  Gateshead  Water  Co.  46  L.  J.  C.  I*.  775  ; 
Blakeslce  vs.  St.  John  Water  Co.  1  Allen  {New  Brunswick)  639 ; 
Campbell  vs.  East  London  Water  Co.  26  L.  T.  N.  S.  475. 

{4).    Nickerson  vs.  Bridgeport  Hydraulic  Co.  46  Conn.  24. 
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When  a  municipality  establishes  reservoirs,  hydrants,  etc., 
of  its  OM^n  to  provide  against  the  spread  of  conflagration,  it  is 
not  liable  if  the  means  provided  are  inadequate  to  the  demand, 
which  may  be  made  upon  them.  (1).  The  responsibility  of  a  city 
for  the  precautions  which  it  takes,  to  prevent  public  calamities, 
is  political  and  not  legal.  No  amount  of  neglect,  on  the  part  of  the 
city,  to  avert  these  things  will  render  the  city  liable.  Where  a  city 
suffers  its  hydrants,  reservoirs  and  mains,  built  as  a  precaution 
against  a  conflagration,  to  fall  into  such  a  state  of  neglect  and  de- 
cay as  to  be  useless,  no  action  at  law  will  lie  for  the  damages  caus- 
ed* by  a  fire  which  raged  unchecked,  in  consequence,  (2).  Such 
cases  are  very  different  from  the  case  of  damage  caused  by  defec- 
tive sidewalks,  or  the  bursting  of  a  carelessly  constructed  reser- 
voir, which  would  give  rise  to  actions  of  tort  against  the  city.  The 
fact  that  a  private  water  company  is  under  contract  with  the  city 
to  furnish  water,  for  the  extinguishing  of  flres,  gives  the  private 
consumer  no  more  hold  upon  the  company.  In  such  case  the 
company  is  not  liable  to  the  consumer,  because  there  is  no  privity 
of  contract,  nor  to  the  city,  because  the  city  has  suflered  no  dam- 
age. The  company  can  be  held  responsible  only  under  its 
contract  or  to  answer  to  the  statutory  penalty,  if  there  is  one,  for 
failure  to  keep  up  the  requisite  pressure  and  suj^ply  of  water  in 
the  pipes.     (3J. 

Apportionment  of  Charges  for  Water  Furnished  by  Com- 
panies or  by  the  City. — There  is  no  distinction  in  the  law  regard- 
ing charges  for  water  between  those  made  by  private  companies 
and  those  made  by  the  city.  As  far  as  the  private  consumer  is 
concerned  both  stand  in  the  same  relation.  The  power  to  col- 
lect charges  for  water  consumed  is  a  necessary  incident  of  the 
power  to  furnish  the  water.  The  Legislature  has  the  same 
power  to  regulate  the  charges  of  a  water  company  as  it  has  to 
regulate  those  of  any  other  public  corporation.  In  California, 
however,  when  the  former  constitution  required  all  corporations 
not  municipal  to  be  formed  under  general  laws,  it  was  held  that 
the  fixing  of  the  rates  of  a  water  company  was  a  franchise,  and 
not  being  a  general  law  api)licable  to  all  corporations,  was  void 
under  the  constitutional  provision.  (4.)  The  law  regulating 
charges  for  water  turns  upon  the  law  of  sales.  The  courts  all 
proceed  consistently  with  the  proposition  that  the  water  is  a 
commodity  which  is  bought  and  sold.  It  is  the  law  of  personal 
property  and  not  of  realty  which  applies.  Water  rents  are  not 
taxes,  although  the  statute  may  in  some  cases  give  them  some 
of  the  incidents  of  taxes,  as  for  instance,  by  making  them  a  lien 
upon  the  premises  and  enforcing  collection  as  the  collection  of 
taxes  is  enforced,    (o.)    We  have  already  seen  that  the  contract 

(i).  Tainter  vs.  City  of  Worcester,  123  Mass.  Sll ;  Black 
vs.  City  Columbia,  19  South  Car.  412  ;  Van  Horn  vs.  Des  Moines, 
63  la.  447  ;  Brinkmeyer  vs.  City  Evansville,  29  Ind.  187. 

{2).  Grant  vs.  City  Erie  69  Pa.  St.  420;  Patch  vs.  City  Cov- 
ington, 17  B.  Mon.  722. 

[3).  Blakslee  vs.  St.  John  Water  Co.  1  Allen  {New  Bruns- 
wick) 639  ;  Atkinson  vs.  New  Castle  &  Oateshead  Water  Co.  46  L. 
J.  C.  P.  775. 

{4).    People  vs.  Stephens,  62  Cal.,  209. 

(5).  Aumann  vs.  Black,  15  W.  Va.,773;  Jones  vs.  Water 
Commissioner,  S4  Mich.,  273. 
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of  the  consumer  is  a  purely  personal  one  except  as  the  statute 
makes  exceptions.  Water  rates  beino:  a  charge  for  value  receiv- 
ed, the  charge  cannot  be  made  until  the  company  is  prepared  to 
furnish  the  water,  (1)  and  where  the  supply  is  not  so  good  nor  so 
abundant  as  the  company's  contract  calls  for,  the  company  may, 
nevertheless,  recover  a  quantum  meruit  for  what  it  has  actually 
delivered.  (2.)  Back  water  rents  may  also  be  collected  as  for 
value  had  and  received.    (3). 

The  courts  will  sustain  any  reasonable  charge  based  upon 
any  fair  method  of  estimating  the  quantity  of  water  used  by  the 
consumer,  but  where  no  water  is  had  no  charge  can  be  made 
Hence  a  town  cannot  impose  a  tax  for  water  upon  persons  in- 
habiting premises  not  supplied  with  water  fixtures  and  who  do 
not  take  the  water  the  town  has  to  offer.  (-1.)  Nor  can  a  water 
rate  be  assessed  against  vacant  lots,  (5)  nur  can  a  building,  the 
lower  part  of  which  is  used  as  a  store,  be  charged  as  an  occupied 
house,  or  as  a  place  where  people  are  living  and  presumably 
requiring  more  water,  (6)  nor  can  a  house  used  as  a  lodging  house 
merely  be  charged  for  water  as  a  hotel,  more  especially  when 
the  water  does  not  rise  therein  further  than  the  first  floor,  (7)  all 
of  which  is  upon  the  supposition  that  the  rate  paid  is  for  a  com- 
modity and  not  for  a  mere  privilege,  nor  for  the  use  or  rent  of 
something,  nor  as  a  tax.  The  above  instances  are,  of  course,  to 
be  carefully  distinguished  from  general  taxes  levied  to  pay  for 
water  used  by  the  city  itself,  and  from  assessments  against 
property  for  the  laying  of  water  mains,  «fec.,  in  streets  and  high- 
ways. 

Discriminations  in  Charges  for  Water. — Aside  from  meters 
(which  we  shall  consider  presently  by  themselves),  and  other 
means  of  actually  measuring  the  quantity  of  water  consumed, 
various  ways  of  estimating  the  probable  quantity  of  water  used 
are  recognized  and  upheld  by  the  courts  and  are  in  common  use 
everywhere.  The  charge  for  water  may  be  based  upon  the  use 
to  which  the  premises  are  put,  upon  the  number  and  size  of 
rooms,  number  of  persons  occupying  the  premises,  the  number 
and  size  of  the  taps,  area  of  the  grounds  and  other  considera- 
tions which  really  tend  to  affect  the  quantity  of  water  used.  The 
different  uses  to  which  the  water  may  be  put  upon  the  same  prem- 
ises may  also  be  made  a  basis  of  discrimination.  One  may  for 
instance  be  charged  so  much  for  the  use  of  water  for  his  domes- 
tic purposes  and  another  rate  for  hose,  garden,  stable  or  station- 
ary bath  purposes.  Where  such  discriminations  are  used,  the 
charges  must  be  consistent — domestic  uses  cannot  be  assessed  as 
something  else  which  cannot  be  so  included  in  the  fair  accepta- 
tion of  the  term. 

Domestic  Purposes. — Inasmuch  as  the  quantity  of  water 
used  for  domestic  purposes  is  seldom  accurately  gauged,  but 


(1).  Ex  parte  Dallimore  11  Low.  Can.,  436. 

{2).  Failes  vs.  LeMaire,  13  Loiu.  Can.,  335. 

{3).  Oirard  Life  Ins.  Co.  vs.  Philadelphia, 88 Pa.  St.,393; 
See  also  Clunes   W.  Co.  vs.  Winchester,  1.  Victorean  Law,  298. 

{4).  Allentovon  vs.  Kramer,  73  Pa.  St.,  406. 

(5).  Provident  Inst,  for  Savings  vs.  Allen,  37  iV.  J.  Eq.,  36. 

(6).  Shaw  vs.  Quebec,  16  Low.  Can.  541. 

(7).  Cromwell  vs.  Stephens,  3  Abb.  Pr.  iV.  *S'.,  26. 
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based  upon  a  rough  estimate,  and  as  this  distinction  from  all 
other  uses  is  so  universal,  it  becomes  important  to  determine  just 
what  such  uses  include.  Domestic  purposes  include  cookiucr, 
drinking,  washing  of  clothes,  persons  and  premises  0/  a  family 
— in  short,  water  as  applied  to  the  usual  and  ordinary  conduct  of 
family  life.  (1).  Hose  and  the  use  of  water  for  gardens  are 
usually  excepted  by  statutes,  ordinances  or  rules  regulating  the 
charge  from  domestic  uses  and  would  not  probably,  in  any  event, 
be  construed  to  be  such,  nor  can  one,  as  we  have  already  seen, 
draw  a  supply  of  water  for  family  uses  when  he  insists  on  main- 
taining fixtures  calculated  for  the  use  of  a  larger  establishment. 
The  inhabitants  of  a  work-house  or  penitentiary  are  to  be  sup- 
plied as  a  large  family,  for  although  the  purpose  of  such  a  building 
is  public,  the  water  supplied  for  the  life  and  comfort  of  the  inhabi- 
tants thereof  is  supplied  for  a  family  purpose.  {-).  Not  so, 
however,  with  a  city  hall  or  court  house.  (3).  While  purposes 
connected  with  personal  cleanliness  are  clearly  included  in  do- 
mestic uses,  this  does  not  include  stationary  baths  in  a  private 
house.  (4.)  This  would  seem  to  include  stationary  wash  tubs  as 
well,  although  one  who  pays  the  charge  for  domestic  purposes  is 
thereby  clearly  entitled  to  all  the  water  necessary  for  the  wash- 
ing of  persons  and  clothing  in  other  than  stationary  tubs.  Where 
one  is  supplied  with  stationary  tubs  but  removes  his  inlet  pipes 
the  company  can  then  no  longer  refuse  him,  although  he  removes 
neither  the  tub  nor  the  outlet  pipe.  (0).  Stationary  tubs  are 
extra-domestic  more  because  of  the  facilities  they  give  for  the 
drawing  of  water  than  for  their  character  of  bath  or  wash  tubs. 
A  private  stable  in  which  there  were  no  water  fixtures  has  been 
held  to  be  included  in  a  charge  for  domestic  purposes.     (6). 

In  England  it  is  common  to  assess  the  amount  of  water 
used  by  families  according  to  the  income  of  the  premises.  The 
charge  may  be  assessed  proportionatelj''  according  to  the  rent  the 
premises  command,  or  according  to  the  rate  at  which  the  i:)rem- 
ises  are  assessed  for  taxes,  or  upon  the  actual  amount  or  annual 
value  upon  which  the  assessment  to  the  poor's  rate  is  computed 
in  the  parish  or  district.  When  the  rate  is  based  upon  the 
"annual  rent"  this  does  not  mean  the  same  as  the  "annual 
value"  of  the  premises.  (7.)  The  annual  rent  is  to  be  deter- 
mined by  deducting  the  taxes  or  rates  which  the  landlord  pays 
to  the  government  from  the  gross  rent.  When  the  houses  are 
rented  by  the  week  and  the  water  rent  is  assessed  upon  the 
annual  rental,  an  estimated  sum  must  also  be  deducted  from  the 


(i).     Weaver  vs.  Corporation  of  Cardiff,  4S  L.  T.  N.  S.  906. 

[2).  Liskeard  Union  es.  Liskeard  Water  Co.,  7  Q.  B.  D., 
505  ;  Spring  I  alley  WaterCo.  vs.  San  Francisco,  51  Cal.,  Ill; 
Hawes  vs.  Contra  Costa  W.  Co.,  5  Sawyer,  ( U.  S.  C.  C.)  288; 
San  Diego  W.  Co.  vs.  San  Diego.  59  Cal.,  517;  Spring  Valley 
Water  Co.  vs.  San  Francisco,  61  Cal.,  IS. 

(5).     Commercial  Bank  vs.  Nevu  Orleans,  17  La.  An.  R.,  190. 

(4).     Sheffield  Water  Co.  vs.  Carter,  8  Q.  B.  D.,  832. 

(5).     Sheffield  Water  Co.  rs.  Carter,  supra. 

(6).  Bushy  vs.  Chesterfield  Water  &  Oas  Lt.  Co.,  El.  Bl. 
and  El.  176. 

(7).  Sheffield  Water  Co.  vs.  Bennett,  8  L.  B.  Ex.  196,  affirm- 
ing S.  C.  7  L.  R.  Ex.  409. 
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gross  rent,  sometimes  called  the  "annual  value,"  to  allow  for  times 
when  the  premises  stood  idle,  but  the  landlord  or  whoever  pays 
for  the  water  is  not  entitled  to  an  allowance  for  repairs  or  for 
insurance.  (1).  Value  and  'net  value"  are  held  to  mean  the 
same  thing.  "Gross  value"  is  not  value  at  all,  but  simply  an 
incorrect  expression  Uke  "gross  profits."  (2).  Where  the  charge 
for  water  is  based  upon  the  "actual  amount  of  rent,"  the  com- 
pany is  entitled  to  assess  the  water  rate  upon  a  percentage  of 
the  net  rent  which  comes  to  the  landlord  free  of  taxes  and  all 
expenses  usual  to  keep  the  premises  in  a  state  to  command  such 
rent.    (3). 

Meters. — There  can  be  no  doubt  that  a  water  company  or 
board,  acting  under  general  powers,  has  the  right  to  assess  the 
quantity  of  water  used,  at  so  much  a  gallon  or  one  hundred 
gallons  by  actual  measurement,  and  they  have  power  to  adopt 
any  suitable  means  of  measuring'  the  quantity  of  water  consum- 
ed, whether  by  meter  or  any  other  automatic  arrangement  that 
they  see  fit  to  adopt.  In  the  case  of  Young  against  Boston,  1 
Allen  361,  a  hotel  which  had  been  paying  an  estimated  rate  was 
metered,  and  found  to  consume  ten  thousand  gallons  of  water 
per  day,  for  which  the  court  held  that  it  must  pay  a  rate  of  two 
cents  per  one  hundred  gallons  as  assessed,  although  the  aggre- 
gate was  four  times  the  amount  paid  for  the  hotel,  under  the 
former  arrangement,  and  but  very  few  of  the  hotels  in  Boston 
were  metered.  But  it  is  very  doubtful,  in  the  absence  of  statut- 
ory provisions,  whether  the  company  can  compel  a  consumer  to 
put  in  a  meter  at  his  own  expense,  or  compel  him  to  pay  a  meter 
rent.  In  Sheffield  Water  Company  vs.  Carter,  8  Q.  B.  D.  832,  it 
was  decided  that  the  power  to  compel  a  consumer  to  rent  or  to 
purchase  his  own  metre,  could  not  be  implied  from  a  clause  in  a 
statute  permitting  the  company  to  let  metres  for  hire,  nor  could 
the  company  which  was  empowered  to  lay  water  pipes  and 
"other  apparatus,"  put  in  the  meter  and  charge  it  up  as  a  part  of 
the  "other  apparatus". 

In  New  Jersey  it  has  also  been  held  that  while  a  water 
board  acting  under  general  powers  have  an  undoubted  right  to 
assess  a  consumer  according  to  meter,  the  board  has  no  right  to 
make  him  pay  for  the  meter,  nor  for  the  rent  thereof.  (4.)  In 
Sheffield  Water  Company  vs.  Bingham,  .52  L.  J,  Ch.  D.  624,  the 
question  came  up  in  this  form :  Who  must  measure  the  water 
consumed — the  company  or  the  consumer  ?  It  was  there  decided 
that  the  sale  of  water  as  usually  carried  on,  differed  from  usual 
sales  of  merchandise,  in  that  the  goods  were  not  delivered  to  the 
consumer  as  he  called  for  them,  but  it  was  put  in  his  power  to 
draw  what  he  needed  without  the  knowledge  of  the  seller. 
Hence,  it  being  solely  in  the  power  of  the  consumer  to  know  how 
much  water  he  takes,  he  is  the  one  who  is  bound  to  know  and  to 
measure  what  that  quantity  is  and  to  account  for  it  to  the  com- 
pany. Although  it  was  held  that  the  company  might  not  have 
the  power  to  prescribe  any  particular  form  of  meter  or  measure 


(i).    Smith  vs.  Mayor,  etc.  It  Q.  B.  D.  195. 
{;?).     Dobhs  vs.  Grand  Junction  Water  Co.,  53  L.  J.  Q.  B.  50. 
{3).    Dobbs  vs.  Grand  Junction  Water  Co.,  supra. 
{4).    State  vs.   Jersey   City,  2  Am.  &  E.  Corp.  C.  233  :  see 
also  Shepard  vs.  Milwaukee  Gas  Co.  6  Wis.  539. 
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■which  the  consumer  must  use,  yet  the  consumer  is  bound  to  pro- 
vide himself  with  some  automatic  arrangement  which  will  accu- 
rately measure  the  quantity  of  water  that  he  takes  from  the  pipes. 
In  this  case,  the  defendant,  who  paid  extra  for  a  stationary  bath 
tub,  determined  by  actual  hand  measure  the  amount  required  for 
a  bath.  He  then  drew  a  line  around  his  tub  to  indicate  how  far 
that  quantity  of  water  would  rise  therein.  The  fainily  were  for- 
bidden to  fill  the  tub  above  the  line  and  were  ordered  to  mark 
upon  a  calendar  suspended  in  the  bath  room  each  time  the  bath 
was  used.  This  arrangement  the  court  found  to  be  neither 
adequate  nor  just  to  the  company,  and  that  the  defendant  must 
use  some  automatic  means  which  would  accurately  register  the 
amount  of  water  used  and  not  to  put  the  company  at  the  mercy 
of  the  forgetfulness  or  the  deceit  of  any  one  who  might  form 
part  of  the  consumer's  household.  The  reader  can  hardly  regard 
the  above  cases  as  settling  very  satisfactorily  the  question  who 
shall  pay  for  the  meter.  The  rule,  if  any,  fairly  to  be  deducted 
from  the  weight  of  authority  above  discussed,  would  seem  to  be, 
that  the  party  desiring  to  measure  the  water  must  furnish  his 
own  means  to  do  so,  whether  he  be  the  consumer  or  the  purveyor. 
The  question,  however,  can  hardly  be  regarded  as  settled.  As 
the  population  becomes  more  dense  these  relations  will  become 
better  defined.  The  practical  difliculty  with  water  companies 
furnishing  meters  to  their  small  consumers  lies  in  the  fact  of  the 
usual  cheapness  of  the  water  and  the  expensiveness  of  the 
meter.  And  yet  the  enormous  waste  caused  by  large  numbers  of 
small  consumers  is  often  a  very  serious  matter  and  very  hard  to 
regulate,  indeed  as  the  matter  now  stands,  it  is  to  a  degree  im- 
possible for  the  purveyor  to  enforce  the  care  and  responsibility  he 
has  a  right  to  demand  from  the  consumer.  This  would  be  almost 
wholly  obviated  by  the  use  of  meters.  Then,  in  that  case,  if  the 
consumer  neglected  his  plumbing  or  his  faucets,  appropriated  the 
water  to  uses  he  is  not  charged  with,  or  allowed  his  neighbors, 
who  are  not  consumers,  to  sl;eal  from  his  pipes,  his  own  wrongs 
would  come  upon  his  own  head.  It  would  seem  to  be  but  reason- 
able that  as  the  consumer  is  compelled  to  make  suitable  con- 
nections adapted  to  his  demand  upon  the  companj^,  that  some 
form  of  automatic  measure  should  be  included  as  a  part  of  the 
necessary  plumbing  arrangements  of  the  house.  The  company, 
it  would  seem,  ought  not  to  be  compelled  to  furnish  such  fixtures 
to  the  innumerable  connections  which  are  made  with  their  mains 
or  else  be  left  to  so  large  an  extent  at  the  mercy  of  the  fraud,  deceit 
and  neglect  of  tenants.  The  company  ought  not  be  compelled 
to  furnish  the  meters  any  more  than  many  other  items  of  plumb- 
ing it  has  a  right  to  dernand  that  the  consumer  shall  be  supplied 
with. 

If  the  consumer  is  not  satisfied  with  the  charge  made 
against  him  as  being  in  excess  of  the  legal  rate,  there  is  some 
intimation  in  Young  vs.  Boston  supra,  that  he  luay  ascertain  the 
true  amount  due  from  him  by  meter  and  tender  the  proper 
charge  according  to  the  water  actually  consumed.  There 
seems  to  be  nothing  to  prevent  the  consumer's  attaching 
his  own  meter  or  other  approved  means  of  ascertaining  what  he 
actually  takes  and  making  tender  in  accordance  therewith. 
This,  however,  does  not  apply  to  one  already  under  contract 
with  the  company  or  city  and  who  has  agreed  to  pay  for  what 
he  has  a  right  to  take.    He  cannot  then  come  and  compel  the 
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company  to  accept,  the  smaller  rate  because  he  did  not  use 
enough  "to  justify  the  amount  he  has  agreed  to  pay.  But  it 
would  seem,  reasoning  from  principles  already  laid  down  by  the 
courts,  that  the  companj'-  cannot  compel  a  person  to  enter  into  a 
contract  compelling  him  to  i^ay  for  more  water  than  he  intends 
to  use,  and  that  the  consumer  is  justified  in  tendering  a  sum 
which  shall  be  a  fair  charge  for  what  he  actually  takes,  and  shall 
fully  compensate  the  company  for  all  the  labor  and  expense  of 
supplying  him.  The  company  have,  as  we  have  seen,  an  un- 
doubted and  an  unqualified  right  to  attach  its  own  meters  and 
insist  in  apportioning  the  charge  at  so  much  per  cubic  foot,  barrel 
or  one  hundred  gallons,  or  any  other  suitable  unit  of  measure  it 
chooses  to  adopt.  The  courts  have  not  gone  very  far  in  deciding 
these  questions  Farther  unfolding  and  application  of  the  law 
to  these  matters  may  be  confidently  expected  from  different 
sources  in  the  near  future  as  the  need  increases  that  these  rela- 
tions be  more  strictly  defined. 

Upon  conclusion  of  this  paper  by  Mr.  Denman,  the 
meeting  was  on  motion  adjourned  to  accept  the  invitation 
to  visit  Minnehaha  Falls. 


Morning  Session,  Friday,  July  15th,  1887. 

Meeting  called  to  order  at  10  o'clock  by  the  Presi- 
dent, who  said : 

Our  early  adjournment  yesterday  cut  off  discus- 
sion on  the  most  interesting  paper  by  Mr.  Denman,  and  as 
he  has  another  of  similar  import  upon  the  topic,  "Is  Water 
Property  ?"  I  will  now  call  upon  him  to  read  it. 

Mr.  Denman  : — God  made  the  world.  He  made  the 
minerals,  the  birds  of  the  air,  the  fish  of  the  sea,  the  water  of 
the  ocean,  the  streams  which  flow  into  it  and  the  percolating 
water  which  supplies  them — all  in  a  continual  round.  He 
gave  us  the  rain  which,  though  laden  with  impurities,  is  by 
nature's  process  made  pure  and  harmless.  He  does  not  look 
with  approval  upon  still  water  (nor  other  product  of  the 
still)  but  keeps  it  moving  constantly  that  it  may  be  fit  for 
man's  use.  Holy  Writ  is  full  of  illustrations  taken  from 
water  and  its  uses.  Abraham,  Isaac  and  Jacob,  fathers  of 
the  covenant,  dug  wells  and  possessed  them,  and  Isaac 
might  well  be  considered  by  water  purveyors  as  an  ensam- 
ple  of  patience  under  adversity,  who  though  driven  from 
one  well  to  another  by  his  enemies,  yet  so  maintained  his 
control  that  he  at  last  succeeded  in  acquiring  rights  which 
even  his  enemies  respected.    The  Eed  Sea  and  the  Jordan 
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were  divided  and  stood  back,  and  the  waters  of  the  stormy 
lake  were  stilled  at  the  voice  of  one  who  by  right  com- 
manded them,  and  by  the  same  commanding  presence 
which  at  Bethany  turned  the  water  into  wine  which  makes 
glad  the  heart  of  man.  We  read  of  rivers  of  pure  water, 
clear  as  crystal,  and  of  fountains  of  water  given  freely. 
What  more  intense  figure  can  there  be  than  that  of  a  drop 
of  water  refused  to  quench  the  parched  tongue  of  one  who 
cries  in  his  agony  for  such  a  boon.  How  different  that 
from  the  blessing  to  him  who  shall  in  Christ's  name  give 
even  a  cup  of  cold  water  to  him  who  is  athirst.  He  send- 
eth  his  rain  upon  the  just  and  the  unjust.  His  rain  falls 
upon  the  land  and  causeth  the  tender  grass  to  spring  forth. 
Job  inquires,  "Hath  the  rain  a  father"?''  for  he  draweth  up 
the  drops  of  water  which  distil  in  rain  from  his  vapor, 
which  the  skies  pour  down  and  drop  upon  man  more  abun- 
dantly." "Drink  waters  out  of  thine  own  cistern  and  run- 
ning waters  out  of  thine  own  well,"  says  Solomon.  "  He 
hath  measured  waters  in  the  hollow  of  his  hand,"  says 
Isaiah.  "Waters  on  the  left,  waters  to  the  right,  waters 
to  the  ankles,  to  the  knees,  waters  to  swim  in,"  says 
Ezekiel.  It  will  be  easily  seen  that  if  ownership  exists  at 
all,  title  must  be  derived  from  God  the  giver  of  all  good 
and  perfect  gifts.  God  who  gave  the  light,  air,  manna,  the 
waters  from  the  rock  which  followed  the  children  of  Israel 
through  their  wearisome  forty  years'  pilgrimage,  simply  re- 
quired that  his  children  should  appropriate  to  the  extent  of 
their  needs,  not  to  waste  but  to  use,  as  upon  an  occasion 
he  commanded  that  the  fragments  be  gathered  and  naught 
wasted. 

Having  thus  hinted  as  to  where  man  derives  his  title, 
we  make  this  proposition,  that  to  appropriate  unappro- 
priated things  is  to  acquire  property  right  and  to  own  the 
same  by  a  good  and  sufficient  title.  We  are  again  aided  in 
the  proper  conception  of  this  right  of  appropriation  by 
Holy  Writ,  which  is  in  fact  the  oldest  authority  upon  the 
subject  as  is  freely  conceded  by  Blackstone  and  other 
commentators,  to  be  the  root  and  basis  of  all  our  knowledge 
upon  the  subject  of  the  rights  of  maninpropertyas  wellas 
the  rule  of  conduct  between  man  and  his  neighbor.  Isaiah 
says,  "With  joy  shall  ye  draw  water  out  of  the  wells,"  and 
"I  will  pour  water  upon  him  that  is  thirsty."  Jesus  said 
to  the  woman  at  the  well,  "If  thou  knewest  the  gift  of 
God  *  *  *  *  thou  wouldst  have  asked  of  him  and 
he  would  have  given  thee  living  water,"  thus  confirming 
our  right  to  water  by  appropriation,  as  also  to  every  gift 
and^'grace.    Therefore,  you  may  hold  out  your  hand  and 
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catch  the  drops  in  your  open  palm  as  they  fall  from 
heaven  and  call  them  yours.  You  may  dig  or  bore  the 
deep  artesian  audthe  product  shall  be  yours  from  whence- 
soever  it  comes.  You  may  store  the  frozen  pond  that  it 
may,  when  summer  comes,  cool  the  fevered  brow,  the 
parched  throat,  or  quench  the  thirst. 

But  we  are  to  iuquire  more  particularly  into  the  rights 
of  man  by  man's  law,  from  whatsoever  source  he  derives  his 
notions  as  to  ownership  of  water.  To  set  out  briefly  this 
subject,  I  have  been  compelled  by  pre-occupation  and  by 
physical  frailty  to  call  to  my  assistance  another  hand  who, 
in  style,  much  better  doubtless  than  my  own,  has  prepared 
for  you  a  commentary  based  on  an  examination  of  the 
decisions  of  the  courts  of  fiual  appeal  upon  this  subject. 
Diligence  in  the  examination  of  all  attainable  knowledge  is 
all  that  can  be  claimed  for  the  following  paper,  and  not 
exhaustiveness  in  the  high  sense  of  "perfect  understand- 
ing of  the  subject,"  which  on  yestermorning  was  laid  down 
by  our  worthy  President  as  the  rule  for  writers  of  pai)ers 
formally  announced  for  discussion. 

[Copyright  1SS7,  by  A.  H.  DE.VA/.l.V.] 

OWXERSHIP   OF  THE   WATER  APPROPRIATED  BY 
WATER  COMPANIES. 

BY   A.   H.    DENMAX,    ATTORNEY   AT   LAW,  DES   MOINES.  lA. 

Water,  when  returning  to  the  ocean  by  its  natural  channels, 
is  the  property  of  no  man.  A  stream  which  flows  through  one's 
premises  simply  gives  him  the  right  to  appro2:)riate  certain  of  its 
waters  and  to  raake  use  of  the  stream  subject  to  the  equal  rights 
of  other  land  owners  along  the  stream  to  an  undiminished 
volume  and  an  undeteriorated  quality.  Such  is  the  common 
law.  The  ground  and  origin  of  tliis  'rule  is  stated  by  Justice 
Tyndale  in  a  leading  case  as  follows :  "The  right  enjoyed  by 
the  proprietors  of  the  land  over  which  such  streams  flow  is,  and 
always  has  been,  public  and  notorious  ;  that  the  enjoyment  has 
been  long  continued— in  ordinary  eases  indeed  time  out  of  mind 
— and  uninterrupted  ;  each  man  knowing  what  he  receives  and 
what  has  always  been  received  from  the  higher  lands,  and  what 
he  transmits  and  always  has  transmitted  to  the  lower."  (1) 
Under  the  common  law,  therefore,  water  in  running  streams  is 
not  property  at  all,  neither  realty-  nor  personalty,  certain  priv- 
ileges in  the  stream  were  all  that  existed.  Tlie  common  law  rule 
as  to  the  rights  of  riparian  owners  is  departed  from  in  some  of 
the  western  states,  and  these  innovations  have  the  sanction  of 
the  Federal  courts  when  applied  to  the  public  domain  of  the 
general  government  within  those  states.  In  the  new  country  in 
the  far  west,  it  could  not  be  said  in  the  words  already  quoted 

1.    Acton  vs.  Blundel,  12  Mees.  &  W.  S34, 
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that  the  right  of  the  proprietor  of  the  lands  over  which  such 
streams  flow  "is,  and  always  has  been,  public  and  notorious," 
nor  that  it  has  been  long-  continued,  each  man  knowing  what  he 
receives  and  always  has  received  and  what  he  transmits  and 
always  has  l^ransmitted  to  some  one  else.  There  the  flrst  appro- 
priator  finds  that  in  taking  the  water  of  the  stream  he  has 
interfered  with  no  one,  save,  perhaps,  the  United  States,  the 
owner  of  th  >  public  land,  and  those  who  settle  upon  the  stream 
after  he  does  are  not  allowed  to  question  his  right  to  do  what  he 
pleases  with  the  water  when  the  general  government,  either  by 
act  of  Congress  or  by  its  silent  acquiescence,  has  given  up  its 
rights  in  the  matter.  (1).  But  in  these  far  western  states  as 
under  the  common  law  water  as  it  exists  m  the  stream  is  the 
proj)erty  of  no  man,  the  diflterence  is  only  as  to  how  far  a  man 
can  make  the  waters  of  the  stream  his  own.  In  neither  case 
has  he  such  title  to  the  waters  in  a  stream  as  he  has  to  his  land. 
But  when  it  is  said,  under  the  old  common  law,  as  uuder  the  law 
in  the  far  west,  that  no  property  exists  in  the  waters  of  a  stream, 
it  is  not  thereby  to  be  inferred  that  the  water  of  the  stream  can- 
not be  made  property.  Much  less  must  Ave  infer  that  the  nature 
of  water,  wherever  found,  is  such  that  uo  rights  of  property  can 
accrue  therein.  It  is  beyond  question  that  percolating  waters  as 
found  in  wells,  or  oozing  through  the  soil  or  standing  upon  the 
surface  of  the  ground,  belong  as  absolutely  to  the  owner  of  the 
real  estate  as  the  soil  itself,  the  trees  or  the  minerals.  And  there 
appears  to  be  no  reason  why  absolute  ijroperty  rights  cannot 
be  acquired  in  water  taken  from  a  steam  without  perceptible 
diminution  of  its  volume  or  other  trespass  upon  the  rights  of 
riparian  owners  or  uuder  the  exercise  of  the  right  of  eminent 
domain  after  due  reparation  for  the  damage  done. 

Water  courses  are  common  in  the  sense  that,  as  they  are, 
property  rights  do  not  actually  exist  in  them,  and  are  open  for 
each  person  to  acquire  property  to  their  waters  so  long  as  he  does 
so  with  due  regard  to  the  equal  rights  of  others.  (2).  After  one 
has  thus  appropriated  water  taken  from  a  common  source,  it  is 
his  own,  and  cannot  be  taken  from  him  by  another  without  vio- 
lation of  the  law  of  property.  If  one  draws  water  from  a  river 
in  a  pail  or  loads  it  upon  his  water  cart  without  wronging  any- 
body the  water  is  his  own,  and  he  can  no  dotibt  sell  it  or  do  what 
he  pleases  with  it.  It  would  then  be  clearly  his  personal  prop- 
erty. 

Having,  therefore,  determined  that  water  can  be  a  subject  of 
property,  we  have  yet  to  see  what  kind  of  property  it  is,  and 
when  is  it  real,  and  when  is  it  personal  property.  If  we  are  cor- 
rect in  assuming  that  water  separated  from  its  common  source 
becomes  the  property  of  the  appropriator,  then  it  must  follow 
that  if  the  water  is  separated  from  its  common  source  but  not 
from  the  estate  of  the  appropriator,  it  is  a  part  of  his  estate  and 

(i).  Atchison  vs.  Peterson,  20  Wall.  507 ;  Basey  vs.  Oalla- 
gher  20  Wall.  670. 

{2).  The  Mayor  vs.  The  Commissioners,  7  Pa.  St.  348; 
Thompson  vs.  Attica  W.  Co.,  1  N.  Y.  Civ.  P.  368;  Marshall  vs. 
Peters,  12  Hoxo.  Pr.  218;  Cooper  vs.  Williams,  4  Ohio  25S;  Dark 
vs.  Johnson,  55  Pa.  St.  164;  Pace  vs.  Ward,  4  Ellis  &  Blackburn 
700. 


real  property,  and  if  separated  both  from  its  common  source  and 
from  the  estate,  and  put  in  a  shape  where  it  is  adapted  to  supply 
needs  not  necessarily  connected  with  the  land  on  which  it  may 
temporarily  be  stored,  or  through  which  it  may  chance  to  pass, 
it  is  personal  property.  If  water  be  apijropriated  for  a  canal  or 
fish  pond  the  water  would  no  doubt  be  the  real  property  of  the 
owner  of  the  soil,  but  when  loaded  in  carts  or  stored  in  tanks  for 
purposes  not  at  all  necessarily  connected  with  the  use  or  enjoy- 
ment of  the  premises,  but  for"  the  purpose  of  sale  to  satisfy  the 
personal  necessities  of  consumers,  it  is  an  article  of  merchandise 
and  personal  property.  Water  as  usually  found  in  the  pipes  of  a 
water  company,  we  hold,  therefore,  is  personal  property.  An 
exception  must,  probably,  be  mada  in  the  case  of  irrigating  or 
canal  companies  which  appropriate  water  in  connection  with  the 
improvement  of  certain  estates,  or  for  the  purpose  of  makmg  a 
highway,  and  a  damage  to  their  rights  would  be  a  real  estate 
trespass.  But  where  a  company  organized  to  supply  the  personal 
wants  of  the  population,  acquires  rights  to  appropriate  water  and 
has  it  in  its  power  to  transmit  from  place  to  place,  furnishing 
it  for  equivalent  considerations  to  be  received,  it  is  dealing  with 
an  article  of  commerce  which  is  its  personal  property.  (1).  We 
must  not  imagine  that  the  water  so  furnished  is  realty  because 
the  means  by  which  it  is  brought  to  where  the  consumer  can  get 
it  are  realty.  A  water  works  plant  no  more  makes  the  water 
distributed  realty  than  does  mill  machinery  make  the  flour  it 
manufactures  realty. 

Some  insist  that  the  rate  paid  for  a  supply  of  water  is  paid 
for  a  mere  privilege  of  getting  water,  and  not  for  the  water 
itself.  By  this,  we  suppose,  it  is  implied  that  the  water  company 
takes  a  substance  to  which  it  has  never  acquired  title,  and  in 
which,  because  of  its  peculiar  nature,  no  property  rights  ever 
can  be  had,  and  puts  it  where  every  person  can  conveniently  get 
it ;  that  the  water  considered  of  itself  belongs  no  more  to  the 
water  company  than  it  does  to  the  person  to  whom  it  is  delivered, 
— that,  in  other  words,  the  company  is  merely  a  kind  of  common 
carrier  and  delivers  that  which  is  not  its  property.  But  we  have 
seen  that  water  may  be  owned  and  is  a  subject  of  property. 
Even  the  common  carrier  who  takes  property  which  belongs  to 
some  one  else  and  by  transportation  makes  it  more  valuable  to 
the  owner,  acquires  a  qualified  right  of  jiroperty  therein,  which 
the  law  recognizes  by  giving  him  a  lien,  as  it  gives  to  mechanics 
who  by  added  material  or  labor,  make  property,  real  or  personal, 
more  valuable.  Labor  is  the  fountain  head  of  all  title  to  pro- 
perty. And  when  labor,  mere  transportation  though  it  be,  is 
bestowed  upon  an  article  in  which  no  one  has  yet  acquired  any 
rights,  it  makes  the  article  one's  property.  The  stream  or  the 
source  may  be  as  open  to  the  consumer  as  to  the  company  and 
all  others  to  go  and  get  water,  but  after  they  have  taken  it  and 
have  it  in  possession,  then  the  relation  is  entirely  changed.  The 
privilege  of  getting  water  as  the  companies  offer  it  to  us  at  our 
houses  is  no  doubt  one  of  the  elements  which  makes  the  water 
valuable.    In  paying  the  price  of  any  article  we  pay  for  a  great 

(1).  Heyneman  vs.  Blake,  19  Cal.  679;  Philadelphia  vs. 
Gilmartin,  71  Pa.  St.  14O;  Aumanvs.  Black,  15  W.  Va.  773;  Jones 
vs.  W.  Com.  34  Mich.  273;  W.  Middlesex  W.  Co.  vs.  Suwerkrox>, 
4  C.  <fe  P.  87. 
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many  privileges  as  well.  We  pay  in  fact  for  all  that  makes  it 
desirable  as  property,  one  element  of  which  is  the  labor  which 
has  been  expended  upon  it  in  any  manner.  So  if  the  water 
company  takes  water  which  has  no  value  where  it  is,  and  gives 
it  a  value  by  making  it  more  accessible,  it  argues  emphatically 
that  the  water  is  its  own  peculiar  property.  The  privilege  of 
drawing  the  water  may  form  a  greater  or  smaller  element  of  its 
value  according  to  circumstances,  but  if  nothing  else  was  done 
than  to  put  the  water  where  it  could  be  made  available  and 
useful,  absolute  property  rights  would  thereby  be  gained  to  it. 
Labor  without  trespass  bestowed  on  a  thing  which  belongs  to  no 
man,  or  in  which  no  one  has  yet  acquired  any  rights,  confers  the 
right  of  property  in  the  person  who  first  acquires  power  over  it. 
It  is  not  necessary  that  one  by  his  skill  change  the  nature  of  the 
thing,  but  he  may  acquire  property  in  any  raw  material  or 
thing,  which  by  labor  of  any  kind — mere  transportation  even — 
he  wrests  from  its  natural  position  and  adapts  to  any  useful 
purpose.  Therefore,  he  who  steals  the  water  which  a  water 
company  has  rendered  more  suitable  for  supplying  the  wants  of 
man  through  the  expenditure  of  its  capital  and  labor,  and  which 
the  water  company  has  in  its  possession,  is  guilty  of  larceny  (1). 
There  can  in  this  respect  be  no  difiTerence  between  gas  and  water, 
merely  because  the  process  has  been  carried  further  in  the  case 
of  gas.  This  may  affect  the  value  to  be  placed  upon  the  two 
but  not  the  essential  fact  of  property.  Gas  is  admittedly  a  sub- 
ject of  larceny,  and  consequently  the  personal  property  of  the 
gas  companies  (2). 

Some  confusion  as  to  the  principles  here  discussed  is  caused 
by  the  words  "use"  and  "rent"  as  they  are  employed  in  this 
connection.  The  companies  are  said  to  grant  the  "use"  of  water, 
and  the  amount  paid  for  the  water  is  sometimes  called  a  "rent" 
as  if  the  water  was  to  be  returned  after  one  was  through  with  it. 
This  is  a  misuse  of  terms.  Water  taken  from  the  pipes  of  a 
water  company  is  not  used  but  consumed.  Anything  is  con- 
sumed which  is  used  up,  that  is,  when  the  use  that  is  made  of  it 
destroys  its  value  for  the  purpose  for  which  it  was  originally 
intended.  The  water  which  turns  a  mill  is  used,  not  consumed  ; 
but  that  which  is  employed  for  household  purposes,  bathing, 
washing,  street  sprinkling,  &c.,  is  in  fact  consumed,  its  value 
after  such  use  is  destroyed.  One  may  have  the  use  of  hydrants 
and  machinery,  but  he  consumes  the  water. 

It  certainly  cannot  be  urged  without  quibbling  that  be- 
cause the  drawing  of  water  into  the  pipes  and  mains  of  a  water 
company  is  continuous  that  there  is,  therefore,  no  severance  from 
the  reality  or  from  the  common  stream  to  make  it  personalty. 
The  severance  from  the  realty  is  complete  the  instant  a  given 
particle  of  water  is  drawn  into  the  pipes  and  is  under  the  power 
of  the  company  for  distribution  to  consumers.  The  fact  that  it 
is  constantly  doing  so  does  not  render  the  severance  any  the  less 
complete.  Xor  is  the  severance  from  the  reality  any  the  less 
complete  because  the  water  is  drawn  away  from  the  stream,  not 
by  pumping,  but  by  aqueducts,  canals,  conduits,  &c.,  and  dis- 
tributed by  making  use  of  the  force  of  gravitation  or  the  princi- 
ple that  water  always  seeks  its  level.    It  is  immaterial  what 

(i).     Ferensvs.  O^Brien,  31  Weekly  Seporter,  64S. 
l^).     Wharton  Criminal  Law,  Sec.  1752. 
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natural  force  is  made  use  of  to  accomplish  the  end.  The  wholo 
question,  is  as  already  stated,  has  the  water  been  brought  under 
the  power  of  the  company  to  use  as  personal  property. 

An  iuterestin?  analosry  is  found  in  the  case  of  oil,  which 
the  courts  in  Pennsylvania  hold  is  a  tluid  like  water.  That  is,  as 
usually  found  in  the  earth,  it  is  not  property  at  all  but  can  be 
made  property  by  beng  appropriated,  and  when  so  appropriated 
and  stored  in  tanks  for  use  or  awaiting  transportation  from  place 
to  place  in  pipes,  it  is  protected  by  all  the  laws  of  personal 
property. 

(1).  Minerals  in  the  western  stntes  are  regarded  in  the 
same  manner.  There  no  one  can  fence  in  a  tract  containing 
minerals,  as  he  could  fence  iu  his  farm  or  estate,  no  matter  how 
large.  Minerals  are  there  regarded  as  the  property  of  no  man 
and  all  have  equal  rights  to  take  them,  but  when  so  taken  the^' 
are  the  personal  property  of  the  appropriator.  (2).  However 
unwilling  we  ma.y  be  to  admit  the  justness  of  the  law  which 
treats  th^  precious  metals  as  common,  yet  this  premise  once 
admitted,  the  conclusion  is  undoubtedly  correct. 

The  decisions  governing  the  right  of  water  companies  to 
collect  charges  for  water  turn  upon  the  law  of  sales  of  merchan- 
dise. The  courts  proceed  consistently  with  the  proposition  that 
water  is  a  commodity  which  is  bought  and  sold.  It  is  the  law 
of  personal  property,  not  of  realty,  which  applies.  Water  rents 
are,  therefore,  decided  not  to  be  taxes,  although  tiie  statute 
makes  them  a  lien  upon  the  premises  and  enforces  their  collection 
as  it  does  that  of  taxes,  (3).  Where  the  supply  of  water  was 
not  so  good  nor  so  abundant  as  to  entitle  the  company  to  collect 
its  full  charge,  it  was,  nevertheless,  allowed  to  collect  a  quantum 
meruit  for  what  was  actually  furnisbed.  (4).  Persons  inhabiting 
premises  not  supplied  with  water  fixtures  cannot  be  taxed  as 
those  who  do  not  use  the  water,  nor  can  vacant  lots  be  so 
assessed  (o),  this  is,  of  course,  to  be  distinguished  from  a  general 
tax  levied  to  pay  for  the  water  the  city  itselt  consumes.  An  office 
cannot  be  assessed  as  a  dwelling  house  where  people  live  and 
use  more  water.  (6j  Nor  can  a  lodging  house  be  made  to  pay 
the  rate  assessed  against  hotels.  (7).  in  the  case  of  a  "model 
lodging"  or  "apartinent"  house,  where  each  family  Uves  in  a 
distinct  apartment,  the  company  has  no  right  to  compel  each 
family  to  take  water  through  one  and  the  same  meter  and  share 
the  expense  equally  with  the  others  :  one  is  entitled  in  such 
a  case  after  making  his  proper  connections  to  pay  for  what  he 
himself  uses.  i8.)  Nor  on  the  other  baud  can  a  consumer  insist 
upon  being  suppUed  at  one  rate  when  he  retains  the  fixtures 


(i).  Dark  vs.  Johnson,  55  Pa.  St.  164. 

{2).  Jennison  vs.  Kirk,  98   U.  S.  453  {Note  at  end  of  case 

on  p.  462)  Erhart  vs.  Boaro,  113  U.  S.  527. 

[3).  Aumann  vs.  Black,  suj^ra. 

{4).  Failes  vs  Le  Maire  &c.  13  Lower  Canada  335. 

{o).  Provident  Institution  for  Savings  vs.  Allen,  37  X.  J. 
Eq.  SG. 

(6).  Shaw  vs.  Quebec,  16  Lower  Canada  541- 

(7).  Cromwell  vs.  Stephens,  3  Ab.  Pr.  N.  S.26. 

(5).  Young  vs.  Boston,  104  Mas.  95. 
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adapted  to  purposes  demandino:  more  water  and  entitling  the 
company  to  a  higher  rate.  He  must  adapt  his  fixtures  to  the  rate 
he  intends  to  pay.  (1).  The  fact  that  the  water  is  not  expensive 
enough  to  call  in  all  cases  for  the  use  of  a  meter,  and  that  the 
cliarge  is  almost  universally  based  upon  an  estimate  more  or  less 
rough  or  inaccurate  as  to  the  quantity  used,  ought  not  to  confuse 
our  minds  as  to  the  real  nature  of  the  thing  and  the  underlying 
principles  which  govern  in  consequence. 

Again,  we  do  not  eject  persons  from  the  water,  but  deny 
water  to  the  person.  There  is  no  action  of  forcible  entry  and  de- 
tainer, nor  of  ejectment  for  refusal  to  pay  a  charge  for  water,  but 
an  action  of  assumpsit  for  goods  sold  and  delivered.  There  is 
nothing  like  a  mechanic's  lien  allowed  for  the  water  furnished 
for  household  purposes,  and  the  estate  is  never  burdened  with 
the  cost  of  the  water  so  consumed,  although  there  might  possibly 
be  a  lien  for  the  water  used  by  a  brickmason  or  builder,  all  of 
which  shows  how  entirely  separable  from  the  estate  and  from 
the  principles  which  govern  the  law  of  real  property  are  these 
sales  of  water  for  consumption  by  the  population. 

And  we  have  already  seen  that  water  rates  are  not  taxes 
even  when  the  statute  engrafts  upon  them  some  of  the  incidents 
of  taxes.  Again,  the  debt  is  a  personal  one.  A  company  cannot 
cut  off  the  water  from  a  tenant  because  a  former  occupant  of  the 
same  premises  defaulted  his  water  bill  (2),  nor  can  the  landlord 
without  express  agreement  be  held  to  answer  for  his  tenant's  de- 
fault (3),  all  of  which  could  not  have  been  so  fixed  by  the  courts 
if  the  water  furnished  was  in  any  respect  regarded  as  an  inci- 
dent of  the  realty,  or  in  any  other  sense  than  a  purely  personal 
matter,  entirely  unconnected  with  the  use  or  enjoyment  of  the 
premises. 

Mr.  Beach: — The  paper  which  has  just  been  read 
by  Mr.  Denman  I  regard  as  one  of  the  most  valuable  that 
lias  been  presented  to  the  Association.  It  seems  to  be 
complete  within  itself,  and  to  close  the  matter  in  a  manner 
that  leaves  no  room  for  argument.  I  desire,  however,  if 
we  have  any  time  to  devote  to  discussion,  to  present  the 
question  of  having  this  paper  printed  in  pamphlet  form 
separate  and  distinct  from  the  other  i)roceedings.  I  do  not 
mean  to  have  it  excluded  from  the  proceedings  by  any 
means,  but  that  there  be  an  edition  printed  in  advance  of 
the  regular  proceedings,  and  that  it  be  done  ai  once,  for  I 
have  no  doubt  that  to  some  of  the  members  the  immediate 
possession  of  this  paper  would  be  worth  more  than  the 
entire  cost  of  its  publication. 

Mr.  Gardner: — I  suggest  that  the  paper  read  by 
Mr.  Denman  yesterday  be  included,  and  that  the  two 
papers  be  issued  in  one  pamphlet. 


(1).    Sheffield  W.  Co.  vs.  Carter,  8  Q.  B.  D.  632. 

(2.)    Sheffield  W.  Co.  vs.  Wilkinson,  4  L.  R.  C.  P.  D.  410. 

[3).    Dayton  vs.  Quigley,  29  N.  J.  E.  77, 
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The  Secretary  : — I  do  not  think  it  would  be  advis- 
able to  print,  or  issue,  these  two  papers  in  advance  of  the 
other  proceedings  for  several  reasons.  One  is,  there  will 
be  considerable  additional  expense  attached.  It  would  be 
well,  I  think,  when  we  have  the  matter  set  up  to  have 
some  extra  copies  printed  and  bound  separately  for  any 
member  who  might  wish  to  use  them  for  distribution. 

Mr.  Beach  : — In  order  to  get  the  matter  properly 
before  the  Association  I  move  that  the  Secretary  be 
authorized  to  have  such  number  of  extra  copies  of  these 
l)apers  printed  as  may,  in  his  discretion,  be  necessary  to 
supply  the  wants  of  the  members  of  the  Association. 

The  motion  was  adopted. 

Mr.  Beach  :  —  I  move  that  a  vote  of  thanks  oe 
tendered  Mr.  Denman,  for  the  able  and  thorough  manner 
in  which  he  has  handled  these  subjects. 

Mr.  Denman  — You  must  remember  that  there  have 
been  other  papers  read  during  this  meeting  just  as  impor- 
tant as  my  own,  and  I  object  unless  this  action  include  all 
papers  read.  I,  therefore,  move  to  amend  by  saying  all 
persons  who  have  presented  papers  at  this  meeting. 
Motion  adopted  as  amended. 

The  President  : — There  are  two  or  three  committees 
that  should  report  this  morning.  If  they  are  ready  I  will 
call  for  the  report  of  the  committee  to  whom  was  referred 
the  Doherty  Pipe  Joints. 

The  Secretary  : — I  have  been  handed  two  reports, 
a  minority  and  a  majority  report,  which  I  will  read  in 
their  order. 

Mr.  President  : 

On  examination  of  the  ilkistration  of  the  "Doherty  Pipe 
Coupling"  presented  for  opinion,  I  do  not  deem  it  of  practical 
utility,  and  from  experiments  frequently  made,  would  not  feel 
warranted  in  making-  use  of  it  in  a  critical  joint  or  on  a  line  of 
main  in  case  of  introduction  of  special  castings  or  insertion  of  a 
new  piece  of  pipe,  or  a  new  pipe  line.  Something  in  the  way  of 
a  new  process  of  jointing  may  grow  out  of  this  interesting  experi- 
ment. But  it  can  only  be  looked  upon  as  an  experimental  joint 
until  more  fully  tried. 

Respectfully,  BENJ.  F.  STEPHENS. 

3fi\  President  and  Gentlemen  of  the  American   Water    Works 

Association  : 

We,   the  committee,  to  whom  was   assigned  the  duty  of 

making  a  report  upon  the  merits  of  the  device  invented  by  our 

deceased  brother  Doherty,  of  Columbus,  Ohio,  feel  that  in  the 
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performance  of  our  dut.y — strictly  on  the  line  of  duty — we  have 
been  assigned  a  difficult  task ;  difficult  from  the  fact  that  our 
duties  conflict  with  our  better  feelings  of  sympathy  for  the 
widow  of  our  deceased  brother.  We  are  constrained,  however, 
to  submit  the  following  : 

The  device  consists  in  substituting  for  the  usual  filling  of 
yarn  under  the  lead  of  pipe  joints,  a  soft  iron  wire,  or  it  may  be 
presumed,  not  having  a  copy  of  the  patent,  that  other  material, 
such  as  copper  or  lead,  may  be  substituted. 

If  pipe  were  east  of  reasonably  uniform  size  with  true 
ends,  there  would  be  little  doubt  of  the  practicability  of  the 
device.  Unfortunately  we  find  such  work  so  irregular  that  under 
the  present  average  of  manufacture  we  do  not  see  how  a  wire 
either  of  lead  or  iron  could  be  advantageously  substituted  for 
the  yarn  ordinarily  used.  To  make  the  device  practicable  the 
yarn  room  below  the  lead  needs  to  be  wedge  shape.  This  is 
already  done  by  some  makers,  and  is  an  improvement  on  the 
usual  bead  either  for  the  wire  or  yarn, —  part  of  this  wedge  shape 
should,  however,  be  in  the  bowl  to  enable  a  similar  use  of  cut 
pipe.  As  a  hint  to  manufacturers,  Mr.  Doherty's  devise  may 
prove  valuable,  but  we  doubt  whether  many  members  of  the 
Association  could  make  such  use  of  it  as  to  be  of  material  benefit 
to  the  widow  of  our  deceased  brother. 
Respectfully  submitted. 

G.  W.  PEARSONS, 
W.  G.  RICHARDS. 

Mr.  Diven  : — As  these  reports  do  not  conflict  with 
each  other,  I  move  the  adoption  of  both,  and  that  they  be 
spread  upon  our  record. 

Adopted. 

The  President. — The  next  rei)ort  in  order  will  be 
that  of  the  committee  to  whom  was  referred  the  report  of 
the  Committee  on  Eevision  and  Eeprint  of  proceedings. 

The  Committee  report  as  follows : 

Mr.  President  and  Gentlemen  : 

Your  Finance  Committee  beg  leave  specially  to  report  upon 
the  matter  of  the  publication  in  consolidated  form  and  in  one 
volume  the  proceedings  of  the  first  six  conventions  of  this  Asso- 
ciation. The  committee  on  printing  have  appeared  before  us 
and  submitted  the  volume,  which  we  find  creditable  to  a  degree. 
In  contemplation  of  the  reproduction  of  illustrative  plates,  there 
will  be  a  financial  shortage  of  about  $200.  Without  committing 
the  Association  to  the  assumpsit  of  this  amount,  we  would  urge 
upon  our  members,  in  an  esprit  du  corps,  to  increase  the  number 
of  copies  they  have  subscribed  for.  The  price  is  fixed  at  $1.00 
per  copy  and  there  are  200  copies  on  hand.  The  matter  is  to  con- 
tinue in  the  hands  of  the  printing  committee  until  the  next 
annual  meeting.  J.P.DONAHUE,) 

A.  N.  DENMAN,    ^Com. 

L.  H.  GARDNER,  J 


On  motion  the  report  was  adopted. 
[9] 
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The  Seceetary. — I  desire  to  offer  a  resolution  in 
this  connection.  Every  member  present  is  possibly  aware 
that  I  have  bitterly  opposed  this  committee  in  their  work. 
Xot  from  any  personal  feeling  either  against  the  work  or 
committee,  but  wholly  from  the  fact  that  the  resolution 
under  which  the  work  was  done  was  irregular  and  uncon- 
stitutional ;  but  as  the  work  has  been  done  and  is  accepted 
by  the  Association,  I  prove  my  acquiescence  by  present- 
ing the  following,  and  move  its  unanimous  adoption : 

Resolved,  That  the  thanks  of  this  Association  be,  and 
hereby  are,  tendered  Mr.  G.  E.  Beach,  for  the  able  manner  in 
which  he  has  performed  his  duty  as  the  Chairman  of  the  Com- 
mittee on  Revision  and  Reprint  of  Proceedings,  notwithstanding 
the  many  difficulties  attending  it. 

Adopted  unanimously. 

Me.  Gaedner. — I  desire  to  offer  a  motion  :  That 
the  Secretary  be  authorized  and  instructed  to  have  the 
matter  of  this  meeting's  proceedings  electrotyped  in  the 
same  form  as  the  proceedings  of  former  years. 

Motion  adopted. 

Me.  Donahue. — At  the  request  of  several  members, 
I  present  a  sample  of  one  inch  iron  pipe,  which  you  will 
observe  is  almost  closed  by  a  cement-hke  deposit  of  a 
reddish  hue  and  as  hard  almost  as  granite. 

This  sample  clearly  illustrates  that  clearness  of  water 
does  not  necessarily  mean  purity,  for  the  water  which  left 
this  deposit  was  as  clear  as  crystal.  Xot  being  a  chemist 
I  am  unable  to  say  what  the  nature  of  the  deposit  is,  and 
can  only  assume  that  it  was  precipitated  by  the  action  of 
the  steam  or  the  heating  of  the  water.  But  this  letter 
from  our  Inspector,  Mr.  Hooper,  will  probably  give  more 
light  opon  the  subject  than  I  can. 

James  P.  Donahue,  Esq.,  West  Hotel,  Minneapolis,  Minn.: 

Dear  Sir — I  received  your  dispatch  asking  for  sample  of 
pipe  from  Paint  Works,  which  I  send  by  express.  Will  state 
this  sample  was  cut  from  the  boiler  feed-pipe  of  the  Davenport 
Paint  Works.  The  entire  length  of  pipe  between  feed-pump 
and  boiler  was  fifty  feet  (50),  and  was  closed  its  entire  length 
like  sample.  The  feed  water  was  taken  from  an  artesian  well 
(150)  one  hundred  and  fifty  feet  deep.  The  first  notice  they  had 
of  the  stoppage  of  feed-pipe  was  that  they  could  not  get  sufficient 
water  in  boiler.  They  first  overhauled  feed-pump,  and  started 
up  with  no  better  result.  They  then  disconnected  feed-pipe  and 
found  pipe  stopped  up  as  sample  shows.  My  attention  was 
called  to  it  by  the  Davenport  Steam  Heating  Company.  I  called 
upon  Mr.  Stearns,  manager  of  the  paint  works,  and  asked  him 
if  he  carried  any  insurance  on  the  life  of  his  engineer  and  on  his 
boiler.    He  said  he  did  not.    I  asked  him  if  his  engineer  cleaned 
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out  his  boiler  and  made  internal  inspection.  He  replied  that  he 
did  not  linow.  He  called  the  engineer  and  asked  him.  He 
replied  that  he  washed  out  the  boiler  once  a  month,  but  did  not 
make  internal  inspection.  I  advised  him  to  have  internal  inspec- 
tion made  at  once,  as  I  considered  tliat  not  only  his  property  but 
the  lives  of  his  employes  were  endang-ered.  He  got  badly  fright- 
ened, and  ordered  it  done  at  once.  The  internal  inspection  was 
made,  and  the  tubes  were  found  welded  together  solid  with 
incrustation — no  circulation  whatever  between  tubes.  There 
was  taken  out  of  that  boiler  seven  wheelbarrowfulls  of 
heavy  scales.  Mr.  Stearns  was  badlj'^  scared,  and  wanted  to 
know  the  remedy.  Being  the  "doctor,"  I,  of  course,  recom- 
mended frequent  inspection  and  the  well  known  "Donahue 
Water,"  taken  in  its  purest  state  from  the  great  Rock  Island 
rapids.  He  excavated  through  four  and  a  half  feet  (42)  of  frost 
and  got  the  water  above  named,  and  I  am  glad  to  state  that  he 
is  now  perfectly  happy,  as  all  others  are  who  take  the  above 
well  known  water. 

I  remain,  always  your  friend, 

T.  N.  HOOPER. 

The  President  : — The  selection  of  place  of  holding 
our  next  annual  meetiag  will  now  be  in  order. 

Mr.  Diven: — I  think  that  for  next  year  we  should 
select  some  central  point.  I  therefore  name  Cleveland, 
Ohio. 

Mr.  Troy  : — I  suggest  Pittsburg,  Pa. 

Mr.  Denman  : — I  am  not  confined  to  any  particular 
point,  north  or  south,  and  any  place  selected  will  suit  me, 
but  I  am  very  favorably  impressed  with  Baltimore,  Md. 

Mr.  Lyman  : — I  will  name  Washington,  D.  C. 

Mr.  Espy  : — I  suggest  Detroit,  Mich. 

The  President  : — We  will  be  very  glad  to  have  you 
come  to  Kansas  City,  if  you  do  not  consider  it  too  far 
west,  and  will  place  it  in  nomination. 

The  Secretary  : — I  move  that  an  informal  ballot  be 
now  taken,  and  that  the  two  cities  receiving  the  highest 
number  of  votes  be  placed  in  nomination. 

Motion  carried. 

The  ballot  resulted : 

Baltimore 19 

Cleveland 7 

Washington 4 

Kansas  City 3 

Pittsburg 2 

Detroit 3 


104 

A  formal  ballot  was  now  had,  Baltimore  and  Cleve- 
land being  in  nomination,  resulting  as  follows : 

Cleveland 27 

Baltimore 7 

Cleveland  having  received  the  majority  was  announc- 
ed as  the  next  place  of  meeting. 

Mr.  Gaedxee  : — I  offer  the  following  resolution, 
and  ask  its  unanimous  adoption. 

Resolved, — That  the  cordial  thanks  of  this  association  are 
due  and  are  hereby  tendered  to  Col.  Juo.  W.  Henion  and  his 
associates  on  the  committee  of  arrangements  and  reception ;  to 
the  city  authorities  of  Minneapolis  and  St.  Paul,  for  generous 
hospitallity ;  to  Col.  John  T.  West  our  host  of  the  West  Hotel  for 
unremitting  study  of  our  comfort ;  to  the  press  of  both  cities  for 
their  accurate  and  impartial  reports  of  our  preceedings. 

Adopted  unanimously. 

The  Committee  on  dominations  presented  the  follow- 
ing, for  officers  for  the  ensuing  year. 

President,  J.  T.  Fanning MinneapoUs,  ^Onn 

1st  Vice  President,  J.  M.  Diveu Ehnira,  N.  Y 

2d  "  W.  J.  ]\Iilner Birmingham,  Ala 

3d  "  Jno.  W.  Henion MinneapoUs,  Minn 

4th  "  Jas.  P.  Donahue Davenport,  Iowa 

5th  "  H.  W.  Ayres Hartford,  Conn 

Secretary  and  Treasurer,  J.  H.  Decker Hannibal,  Mo 

I  A.  N.  Denman Des  Moines,  Iowa 

Finance  Committee,...  \  B.  M.  Espy Wilkesbarre,  Pa 

iC.N.  Priddy Leadville,  Col 

L.  H.  GARDNER, 
CALVIN  S.  BROWN, 
W.  G.  RICHARDS, 
G.  W.  PEARSONS, 
A.  N.  DENMAN, 

Committee. 

On  motion  the  report  of  the  committee  was  accepted 
and  the  chairman  instructed  to  cast  the  ballot  of  the 
association  for  the  gentlemen  named. 

They  were  declared  unanimously  elected. 

On  motion  of  Mr.  Donahue,  the  thanks  of  the  associa- 
tion were  tendered  the  retiring  President,  Maj.  B.  F.  Jones, 
for  his  able  and  impartial  administration. 

On  motion  of  Mr.  Richards  the  thanks  of  the  associa- 
tion were  tendered  the  Secretary. 
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Mr.  Denman  : — I  have  been  before  this  meeting  so 
much  that  I  feel  that  I  ought  to  keep  my  seat,  but  there 
is  one  thing  that  I  wish  to  say,  and  that  is  this  :  The  suc- 
cess of  this  Association  depends  upon  its  members,  and 
it  is  the  duty,  and  oaght  to  be  the  pleasure  (which  fact  I 
do  not  question  in  the  least)  of  each  member  to  do  what 
he  believes  will  result  in  good  to  the  Association.  A 
Water  Works  Association,  like  an  association  of  men  of 
any  other  business  or  calling,  depends  for  its  success  upon 
the  efforts  of  its  members.  Each  and  every  member 
should  be  ready  and  willing  to  give  his  assistance  in  the 
way  of  performing  any  duty  that  may  be  assigned  him,  or 
be  siu'e  to  do  that  which  he  agrees  and  volunteers  to  do. 
I  find  myself  derelect  in  not  providing  papers  that  might 
have  been  interesting  and  instructive  to  the  members  of  the 
Association.  I  am  of  the  opinion  that  an  increase  of 
attendance  will  be  beneficial  in  the  way  of  an  advance- 
ment of  the  interests  and  objects  of  the  Association,  and 
to  this  end  should  admit  and  encourage  the  attendance  of 
associate  members.  I  trust  that  before  another  session, 
or  at  another  session,  there  will  be  a  part  of  the  time  of 
ths  convention  given  to  the  associate  members  for  the 
purpose  of  displaying  and  explaining  the  merits  and 
excellence  of  theii"  devices. 

This,  in  my  opinion,  will  be  of  great  advantage  to 
water  works  men,  simply  because  it  affords  them  an 
opportunity  of  getting  valuable  information  that  they  could 
not  get  in  any  other  way.  So  I  say  that  at  our  next  session 
I  hope  some  arrangement  will  be  made  for  a  better 
exhibition  of  the  devices  used  in  our  business.  I  would 
suggest  that  any  member  having  any  article  or  device  that 
he  believes  to  be  meritorious,  bring  and  exhibit  it  at 
our  meeting. 

Mr.  Beach  : — I  agree  with  Mr.  Denman,  that  some 
better  arrangement  should  be  made  for  the  exhibition  of 
devices  brought  here  by  associate  members,  and  more 
encouragement  and  inducement  offered  to  bring  them  and 
explain  their  operation  and  advantages. 

I  am  impressed  with  the  fact  that  a  three  day's  session 
is  not  long  enough.  I  think  we  should  look  forward  to 
the  time  when  the  length  of  a  session  should  be  at  least 
five  days,  and  the  latter  half  be  devoted  to  a  general 
discussion. 

I  do  not  think  the  Association  as  an  Association, 
should  advocate  any  particular  preference  to  the  exclusion 
of  others,  but  I  see  no  reason  why  they  could  not,  with 
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propriety,  discuss  the  merits  of  any  device  or  machinery 
in  which  they  are  interested,  and  I  can  see  no  objection  at 
all  to  associate  members  bringing  their  devices  with  them 
and  discussing  them  and  presenting  their  merits,  and  I 
think  the  Association  should  take  some  steps  to  afford 
them  better  facilities  for  so  doing.  As  Mr.  Denman  has 
well  said,  it  affords  the  members  an  opportunity  forgetting 
information  that  they  could  not  obtain  from  any  other 
source. 

The  President: — It  strikes  me  that  the  point  is 
well  taken.  I  have  uoticed  for  the  last  few  meetings  that 
the  number  of  persons  representing  devices  are  gradually 
growing  less,  and  I  can  see  no  earthly  objection  to  allow- 
ing a  man  to  advocate  anything  he  has.  We  ought  to  set 
apart  some  time  for  this,  a  day  or  half  a  day. 

Mr.  Denman  : — To  bring  the  matter  properly  before 
the  Association,  I  offer  this  resolution : 

Resolved.  That  the  Executive  Committee,  in  making 
arrangements  for  our  next  annual  meeting,  take  into  considera- 
tion the  needs  of  associate  members. 

Adopted. 

Me.  Henton  : — Before  we  adjourn  I  have  a  few 
words  to  say  in  reference  to  the  arrangements  for  this 
afternoon  and  to-morrow. 

This  afternoon  we  leave  the  Union  depot  at  half  past 
2  o'clock  for  St.  Paul.  At  St.  Paul  you  will  be  received  by 
the  Civil  Engineers'  Society  and  the  Water  Commis- 
sioners, who  will  have  carriages  in  waiting  to  drive  you  to 
the  principal  points  of  interest,  including  the  pumping 
station.  At  7  o'clock  supper  will  be  served  at  the  Hotel 
Eyan,  and  you  will  return  here  at  9  o'clock. 

To-morrow  morning  it  is  expected  that  every  member, 
with  their  wives  and  guests,  will  be  ready  to  take  carriages 
here  promptly  at  9  o'clock.  You  will  be  shown  about  the 
city  under  the  supervision  of  Alderman  Clough,  returning 
to  the  "West"  for  dinner. 

You  will  take  the  train  at  Union  depot  at  2:30  p.  m. 
for  Lake  Minnetonka,  where  the  steamer  St.  Louis  will  be 
in  waiting,  and  an  excursion  will  be  taken  to  the  lower 
lakes,  returning  to  Hotel  Lafayette,  where  supper  will  be 
served.    We  will  return  here  at  10:30. 
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It  is  hoped  that  every  one  will  avail  himself  of  this 
opportunity  to  visit  this  beautiful  body  of  water  and 
famous  pleasure  resort.    You  will  be  amply  repaid. 

The  President: — I  hope  that  every  member  will 
be  on  hand  promptly  at  the  hour  named  and  thus  show 
our  appreciation  of  the  hospitalities  extended  by  this  city. 

If  there  be  no  further  business  I  now  declare  the 
Seventh  Annual  Meeting  of  the  Association,  adjourned 
»ine  die. 


Secretary, 


Note. — The  missing  part  of  the  Paper  on  the  Methods 
of  Filtration  at  Bombay,  India,  by  Samuel  Tomlinson,  C. 
E.,  not  having  been  received,  the  publication  is  deferred 
until  the  next  Annual  Proceedings. 

THE  SECEETAKY. 
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UNOFFICIAL  PROCEEDINGS. 

Thursday  Afternoon,  July  14th. 

After  the  adjourumeut  a  good  majority  of  the  mem- 
bers, aecompanied  by  tlieir  ladies  and  guests,  under  the 
marshalship  of  Col.  J.  W.  Ileniou,  were  given  a  ride  over 
the  Motor  line  to  INliunehaha  Falls,  where  a  pleasant  hour 
was  spent  in  viewing  the  "Laughing  Water,"  and  being- 
photographed,  with  the  falls  for  a  background. 

Friday  Afternoon,  July  15th. 

The  members  and  friends,  with  quite  a  number  of  in- 
vited guests,  left  the  Union  depot  at  2:30  o'clock  for  St. 
Paul,  where  carriages  were  in  waiting,  and  the  i)arty  were 
shown  the  many  points  of  interest  throughout  the  city ; 
then  to  the  Pumi)ing  Station,  where  a  stop  was  had  to  look 
over  the  plant  and  to  refresh  the  inner  man.  After  a  short 
rest,  return  was  made  to  the  city,  and  a  halt  called  at  the 
Hotel  Ryan,  where,  after  getting  rid  of  the  accumulation 
of  dust,  a  most  pleasant  season  of  social  chat  and  greeting 
from  the  members  of  the  Civil  Engineers'  Club  of  St. 
Paul,  assisted  by  the  members  of  the  Water  Board,  was 
had. 

At  7  o'clock  attention  was  directed  to  an  elegant  re- 
past, which  was  served  in  the  ordinary. 

Before  leaving  tho  supper  table  the  following  resolu- 
tion was  unanimously  adopted : 

Resolved,  That  the  thanks  of  the  American  Water  Works 
Association  be,  and  hereby  are,  tendered  to  the  Civil  Engineers' 
Club,  and  to  the  Board  of  Water  Commissioners  of  the  City  of 
St.  Paul,  for  the  elegant  courtesies  extended  this  day. 

At  9:30  the  party  returned  to  Minneapolis,  much 
pleased  with  the  afternoon's  entertainment. 

Saturday,  July  16th. 

At  nine  o'clock  a.  m.  carriages  were  in  waiting  and 
the  party  having  embarked,  were,  under  the  guidance  of 
Alderman  D.  M.  Clough,  driven  first  to  the  East  Side 
Pumping  Station,  where  a  short  stop  was  made  to  inspect 
the  "Jumbo"  pump.    The  next  stop  was  at  the  famous 
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Pillsbnry  "A"  Mills  with  its  capacity  of  7,200  barrels  of 
flour  per  day.  The  party  were  most  cordially  received 
and  in  squads  of  eight  or  ten  each,  were  accompanied  by 
courteous  guides  and  shown  through  the  entire  mill  finish- 
ing up  on  the  roof,  where  a  grand  view  was  had  of  the 
city  and  of  St.  Anthony's  Falls,  or  rather  what  is  left  of 
them,  for  the  march  of  manufacturing  progress  has  almost 
entirely  obliterated  the  natural  falls. 

After  a  pleasant  drive  through  the  grounds  of  the 
University  of  Minnesota,  the  river  was  re-crossed  and  the 
West  Side,  or  principal  pumping  station  of  the  city  visited. 
Here  every  thing  was  found  in  first  class  order.  The 
condition  of  both  stations  reflect  great  credit  on  the 
engineer  in  charge,  Mr.  A.  Bergstrom  and  his  assistants. 

From  the  Pumping  Station  the  party  were  driven  to 
many  of  the  interesting  points  in  the  city,  its  public 
buildings,  magnificent  residences  and  beautiful  parks. 
Returning  to  the  West  Hotel  an  alarm  was  sounded, 
bringing  out  the  Fire  Department,  and  a  very  fine  exhibi- 
tion given,  both  by  the  steamers  and  the  Pompier  Corps. 
The  entire  display  was  highly  creditable  to  both  chief  and 
members  of  the  department,  and  was  very  interesting  to 
to  every  member  of  the  Association. 

At  2:30  p.  m.  the  party  left  the  Union  Depot  for  Lake 
Minnetonka.  The  afternoon  was  pleasantly,  and  no 
doubt  profitably,  spent  in  an  excursion  around  the  lake, 
returning  to  Hotel  LaFayette,  where  at  7:30,  supper  was 
spread  in  the  spacious  dining  room.  After  the  menu  had 
received  full  attention,  toasts  were  in  order,  and  were 
responded  to  by  Mayor  Ames,  Col.  Gardner,  President 
Fanning,  Secretary  Decker  and  others. 


IN  MEMORIAM. 


R.  G.  ANDERSON, 

MtCHANICAL  ENQINEER,  80RANT0N,  PENNSYLVANIA. 

DIED  DECEMBER  6,  1886. 

R.  G.  ANDERSON  was  born  at  Holyoke,  Mass., 
April  11th,  1862,  He  was  raised  and  educated  at  Whitins- 
vllle,  Mass.,  and  early  developed  a  taste  for  draughting. 
Upon  leaving  school  he  attended  a  special  class  in  draught- 
ing ;  after  which  he  entered  the  designing  room  of  the  Ger- 
man Silver  Works  at  Providence,  R.  I. ;  from  there  he 
served  with  Brown  &  Sharp,  the  R.  I.  Locomotive  Works, 
American  Vacuum  Brake  Co.,  E.  P.  Allis  &  Co.,  and  others. 
Early  in  1885  he  went  to  Scranton,  Pa.,  entering  the  office 
of  the  Lackawanna  Iron  and  Coal  Co.,  where  he  was  em- 
ployed at  the  time  of  his  death.  He  was  taken  ill  with 
Pneumonia  Nov.  28th  and  died  December  5th. 

Mr.  Anderson  was  a  man  of  sterling  habits,  a  mem- 
ber of  the  Providence  Congregational  Church  of  Providence, 
E,  I.,  and  one  who  stood  high  in  the  esteem  and  confidence 
of  his  employers  as  well  as  in  the  regards  of  his  associates. 

He  was  unmarried  and  left  father,  mother,  two  sisters 
and  three  brothers,  to  whom  the  Association  extends  its 
warmest  sympathy. 


Ill 


FINANCIAL  REPORT. 


June 


5. 

Dr. 

!3.    Balance  on  hand 

$  36  00 

A.  A.  Godard, 

Entrance  Fee. 

5  00 

W,  G.  Richards, 

(( 

5  00 

H.  C.  Heermans, 

<( 

5  00 

Chas  N.  Priddy, 

(( 

5  00 

Geo.  A.  Shields, 

<( 

5  00 

Wm.  Bo  wen, 

(( 

5  00 

E.  W,  Frost, 

(i 

5  00 

Myron  Wiltsie, 

(t 

5  00 

Wm.  B.  JSIills, 

(( 

5  00 

Louis  Harper, 

(t 

5  00 

J.  H.  Dumont, 

(( 

5  00 

Chas.  T.  Allen, 

(( 

5  00 

Richard  Holme, 

(( 

5  00 

W.  G.  Provines, 

(1 

5  00 

Jas.  P.  Maxwell, 

(( 

5  00 

Geo.  W.  Brown, 

i( 

5  00 

N.  Kuhnen, 

<( 

5  00 

James  Archer, 

(< 

5  00 

H.  S.  McConnell, 

(( 

5  00 

J.  I.  Jones, 

t( 

5  00 

Geo.  F.  Swain, 

ti 

5  00 

Reading  Iron  Works, 

(( 

10  00 

E.H.  Kellogg  &  Co., 

i< 

10  00 

Davis,  Cress  well  &  Co. , 

II 

10  00 

Ted,Wortley  &Co., 

i< 

10  00 

W.  W.  Sprague, 

Dues  to  1886, 

3  00 

G.  E.  Beach, 

K 

3  00 

A.  N.  Denman, 

ll 

3  00 

W.  J.  Milner, 

(t 

3  00 

H.  Mueller, 

(1 

3  00 

R.  D.  Wirt, 

(( 

3  00 

P.  Milne,  Jr., 

(t 

3  00 

J.  M.  Diven, 

<( 

3  00 

P.  J.  Neagle, 

(( 

3  00 

R.  Holme,  Jr., 

II 

3  00 

H.  F.  Dunham, 

(< 

3  00 

John  C.  Chase, 

(( 

3  00 

H.  D.  Wood, 

(1 

3  00 

Chas.  N.  Priddy, 

Dues  to  1887, 

3  00 

W.  G.  Richards, 

ti 

II 

3  00 

Jno.  W.  Troy, 

(( 

II 

3  00 

W.  L.  Cameron, 

i< 

i( 

3  00 

J.  H.  Dumont, 

(( 

<i 

3  00 

E.  W.  Frost, 

« 

i; 

3  00 

G.  W.  Brown, 

(( 

It 

3  00 

J.  P.  Maxwell, 

(< 

II 

3  00 

Geo.  A.  Shields, 

<( 

11 

3  00 

J.  T.  Sawyer, 

<( 

It 

3  00 

I.  L.  Lyman. 

i{ 

tl 

3  00 

11^ 


1886.  Dr. 

June  23.    C'has.  P.  Allen,                        Dues  to  1887,  S  3  00 

"          Frank  W.  Holly,                          "            "  3  00 

H.  F.  Gaskell,                              "            "  3  00 

"         P.  H.  Linneen,                             "            "  3  00 

"         Geo.  A.  Ellis,                               "            "  3  00 

"         E.  L.  Dunbar,                              "            "  3  00 

June  28.    G.  W.  Robinson,                  Entrance  Fee,  5  00 

July  9.       J.  L.  Hanua,                                   "            "  5  00 

July  14.    N.  O.  Nelson  Mfg.  Co.,         Dues  to  188G,  3  00 

H.  H.  Harrison,                           "            "  3  00 

A  bend  roth  &  Root,                      "            "  3  00 

Jarecki.  Havs  &  Co.,                  "            "  (>  00 

Jones  <k  Laughlins,                     "            "  3  00 

Geo.  F.  Blake  Mfg.  Co.,             "            "  3  00 

J.  L.  Mott  Iron  Works,              "            "  3  00 

L.  H  Gardner.                              "            "  3  00 

J.  D.  Houston',                               "            "  3  00 

Dennis  Long  &  Co.,                    "            "  3  00 

July  lo.     Wm.  Ludlow,                              "            "  3  00 

The  Eddy  Valve  Co.,                 "            "  3  00 

liingham  &  Taylor,                    "            "  3  00 

Geo.  B.  Inman,                             "            "  3  00 

H.  R.  Worthington,                   "            "  3  00 

J.  M.  Randall,                               "            "  3  00 

I.  S.  Cassin,                      On  account,  1887,  5  00 

M.  W.  Kirk 3  00 

The  Michiiran  Pipe  Co 3  00 

R.  D.  Wood  &  Co 3  00 

W.  S.  Kuhn 3  00 

July  16.    N'^ewark  Filtering  Co 3  00 

J.  H.  MeMinn 3  00 

J.   H.Andrew 3  00 

National  Meter  Co.,               Dues  to  1887,  6  00 

July  17.     P.  B.  Perkins,                                "         1886,  3  00 

Equitable  Water  Meter  Co.,       "          "  3  00 

G.  C.  Stevens,                               "          "  3  00 

Ludlow  Valve  Mfg.  Co.,             "          "  3  00 

The  Ohio  Pipe  Co.,                       "          "  3  00 

Desmond  Fitzgerald,                   "          "  3  00 

Cinn.  &  Newport  I.  &  P.  Co.,     "          "  3  00 

July  19.    James  P.  Donahue,                      "          "  3  00 

Thos.  X.  Hooper,                        "          "  3  00 

Ezra  Clark,                                     "        1887,  3  00 

H.  W.  Ayres.                                "          "  3  00 

NationalTube  Works  Co.,         "        1886,  3  00 

Fred  Adee  &  Co.,                        "          "  3  00 

A.  F.  Kent,                                   "          "  3  00 

July  20.     Ripley  &  Kimball,                       "          "  3  00 

L.  J.  LeConte,                               "          "  3  00 

D.  L.  Holland,                              "          "  3  00 

July  21.    J.  G.  Briggs,                                 "          "  6  00 

W.  H.  Marsh,  Mgr.,                    "          "  3  00 

Moses  Joy,  Jr.,                              "          "  3  00 

July  23.     W.R.Billings.                            "          "  3  00 

Robert  Moore,                               "          "  3  00 

Edwiu  Darling,                            "          "  3  00 


Cr. 
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1886. 

July  23.  Chapman  Valve  Co., 

"  John  Rjle, 

"  Wm.  Ryle, 

July  26.  A.  H.  Martine, 

"  J.  T.  Fanning, 

"  Gordon  Maxwell  Co., 

"  Wm.  T.  Porter, 

"  LeAvis  C.  Burnes, 

"  Carroll  E.  Gray, 

July  28.  E.  8.  Wills, 

"  C.  W.  Morse, 

"  John  W.  Hill, 

July  30.  J.  Nelson  Tubbs, 

Aug.  2.  L.  A.  Taylor, 

"  M.  L.  Holman, 

"  Wm.  B.  Sherman, 

"  R.  C.  P.  Coggeshall, 

"  Robt.  K.  Martm, 

Aug.  4.  A.  W.  Morgan, 

"  B.  F.  Jones 

"  G.  W.  Pearsons, 

"  Fred  Wing, 

Aug.  5.  N.  Wingfleid, 
H.  G.  Holden, 

"  Hardwicke  &  Ware, 

"  P.  Connelly, 
J.  A.  Cloud, 

Aug.  6.  J.  Henry  Brown, 

"  F.  L.  Fuller, 

"  Walter  Watson, 

Aug.  13.  L.  H.  Williams, 

Aug.  19.  John  Martin, 

Aug.  26.  Davidson  Steam  Pump 

Aug.  27.  Wm.  B.  Bull, 

Sept.  2.  T.  S.  Moorehead, 

Sept.  5.  C.  S.  Brown, 

Sept.  7.  W.  S.  Payne, 

Sept.  16.  Chas.  A.  Hague, 

Sept.  27.  G.  W.  Pearsons, 

Oct.  6.  R.  G.  Elwes, 

"  J.  D.  (  ook, 

Oct.  8.  B.  M.  Espy, 

Nov.  1.  Chas.  B.  Brush, 

Nov.  17.  Rudolph  Hering, 

"  Rudolph  Hering, 

Nov.  18.  Chas.  G.  Price, 

"  J.  H.  Decker, 

Nov.  20.  James  Waters, 

Nov.  33.  F.  A.  W.  Davis, 

"  J.  B.  Johnson, 

Nov.  24.  J.  B.  Clow  &  Sons, 

Nov.  26.  R.  G.  Anderson, 

"  Henry  Birkinbine, 

"  A.  H.  Howland, 

"  W.  S.  Hamilton, 

*'  A.  J,  Jones, 


Dr. 
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Dues  to  1886, 

S  3  00 

(( 

11 

3  00 

(1 

II 

3  00 

(( 

1887, 

6  00 

(1 

1886, 

3  00 

li 

11 

3  00 

i( 

II 

3  00 

(( 

11 

3  00 

(( 

11 

3  00 

<( 

II 

3  00 

(( 

(1 

3  00 

(t 

II 

6  00 

(( 

u 

3  00 

(I 

«' 

3  00 

u 

11 

3  00 

(( 

11 

3  00 

u 

II 

3  00 

a 

II 

3  00 

u 

II 

3  00 

(1 

11 

3  00 

<( 

II 

3  00 

(( 

11 

3  00 

(1 

11 

3  00 

(1 

11 

3  00 

(i 

11 

3  00 

i( 

3  00 

(( 

II 

3  00 

i( 

II 

3  00 

(1 

II 

3  00 

Eutrauee  Fee, 

5  00 

Dues  to  1886, 

3  00 

II 

6  00 

3.,         " 

3  00 

11 

3  00 

11 

3  00 

(( 

6  00 

<( 

3  00 

11 

3  00 

11 

1887 

3  00 

Entrance  Fee, 

5  00 

11 

u 

o  00 

Dues  to  1886, 

3  00 

11 

11 

6  00 

Entrance  Fee, 

.1  00 

Dues  to  1887. 

3  00 

11 
(1 

1886, 

3  00 
6  00 

(( 

11 

3  00 

II 

11 

3  00 

Entrance 

■■  Fee, 

5  00 

Dues  to  1886; 

3  00 

ti 

3  00 

(1 

3  00 

11 

3  00 

<i 

6  00 

<( 

3  00 
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1S86. 
Nov.  26. 


^'ov.  29. 


Dec.  1. 
Dec.  3. 
Dec.  4. 
Dec.  8. 
Dec.  10. 
Dec.  13. 
Dec.  14. 
Dec.  15. 

Dec.  18. 

(1 

Dec.  27. 

Dec.  29. 

1887. 

Jan.  10. 


Jan.  21. 

Jan.  29. 
Feb.  1. 

Feb.  20. 

March  7. 

(( 

March  12. 
March  17. 

u 

March  21. 
March  28. 
May  13. 
May  2.5. 
June  2. 


June  11. 
June  23. 
June  27. 
June  29. 


July.2._I: 


Dr. 
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Gilbert  Murdock, 

Dues  to  1887 

S  6  00 

Deaue  Steam  Pump  Co., 

Entrance  Fee, 

10  00 

11                       11 

Dues  to  1887, 

3  00 

A.  G.  Moore, 

"     to  1886, 

6  00 

D.   McN.  StaulTer, 

11            11 

6  00 

Sylvester  Watts, 

It                    u 

3  00 

Shickle,  H.  &  H.  Iron  C 

O.,          "                 " 

3  00 

Wm.  H.  Searles, 

Entrance  Fee, 

5  00 

Wm.  H.  Searles, 

Dues  to  1887, 

3  00 

E.  H.  Keating, 

1886, 

6  00 

A.  Schaefter, 

it            11 

3  00 

P'rank  H.  Pond, 

II            11 

3  00 

Philip  Beuhner, 

(1            II 

3  00 

Geo.  H.  Chandler, 

11            11 

3  00 

Wm.H.  Burnham, 

II            11 

3  00 

J.  Albert  Mills, 

11            11 

3  00 

B.  R.  Morton, 

1887, 

9  00 

Jos.  E.  Hannah, 

Entrance  Fee, 

5  00 

Jos.  E.  Hannah, 

Dues  to  1887, 

3  00 

W.  C.  Stripe, 

1886, 

6  00 

Jno.  C.  Kupferle, 

Entrance  Fee, 

10  00 

S.  Tomlinson, 

11           II 

5  00 

S.  Tomlinson, 

Dues  to  1888, 

3  00 

Howard  Elmer, 

Entrance  Fee, 

5  00 

Chattanooga  F.  &  P.  Works,  "'            " 

10  00 

Chattanooga  F.  &  P.  AVorks,  Dues  to  '88, 

3  00 

Edward  H.  Phipps, 

Entrance  Fee, 

5  00 

Edward  H.  Phipps, 

Dues  to  1888, 

3  00 

H.  M.  Newton, " 

1887, 

3  00 

Sam'l  >tcElroy, 

11            11 

3  00 

Nisbet  Wingfleld, 

1888, 

6  00 

Dexter  Bracket, 

"         1886, 

3  00 

Chas.  F.  Manning, 

Entrance  Fee, 

5  00 

Chas.  F.  Manning, 

Dues  to  1888, 

3  00 

Wm.  Perry,  Jr., 

"         1886, 

3  00 

Hersey  Meter  Co., 

Entrance  Fee, 

10  00 

Hersey  Meter  Co., 

Dues  to  1888, 

3  00 

E.  H.  Brown,  bal. 

1886, 

2  00 

Wm.  Molis, 

1887, 

3  00 

John  Caulfield, 

Entrance  Fee, 

5  00 

Wm.  Fisher, 

U                      11 

5  00 

Andrew  Rinker, 

((               (( 

5  00 

Matt.  Walsh, 

l(               11 

o  00 

C.  S.  Brown, 

Dues  to  1887, 

3  00 

A.  S.  Glover, 

1886, 

3  00 

D.  J.  McCanne,  on  acc't 

Dues  to  1887, 

5  00 

D.  L.  Holland, 

11            11 

3  00 

Geo.  Hornung, 

Entrance  Fee, 

5  00 

Geo.  Hornung, 

Dues  to  1888, 

3  00 

H.  L.  Smith, 

Entrance  Fee, 

5  00 

Jno.  R.  Todd, 

II            II 

5  00 

i<           ' 

Dues  to  1888, 

3  00 

H.  L.  Smith, 

II            11   ' 

3  00 

John  P.  Hely, 

1887, 

3  00 

R.  Beaumont, 

Entrance  Fee, 

10  00 

U5 

1887.  Dr.        Cr. 

July  2.  R  Beaumont,  Dues  to  1888,  $  3  00 

July  7.  Wilson  Henderson,  Entrance  ^ee,      5  00 

"  "  Dues  to  1888,      3  00 

"  Sundry  Sales  of  Proceedings 8  20 

1886. 

June  23.  Paid  Porterage  on  Books $       .50 

June  30.  '♦           "                "     50 

July   8.  "    Postage 4  00 

July  19.  "    H.  L.  Denison,  Stenographer 90  00 

July  20.  "    Postage 2  00 

'*  "    Express  Charges 36 

July  23.  "                  "               30 

July  26.  "    Collection  of  Checks 30 

Aug.l2.  "             "                   "        30 

Aug.18.  "    Postage 2  00 

Aug.20.  "    Seal  Wafers 25 

Sept.l9.  "    Collection  of  Checks 25 

Oct.  28.  "    Postage 2  00 

Nov.   4.  "    Rubber  Bands 150 

Nov.    6.  "     Postage 20  00 

Nov.13.  "           "      15  00 

Nov.  24.  "           "       2  00 

Dec.    1.  "          "       4  00 

"  '•    Collection  on  Check 20 

Dec.  30.  "    W.  C.  Stripe,  Bill  Postage 100 

1887. 

Jan.    6.  "    Express  Charges 25 

Jan.  16.  "    Postage 25 

Jan.  21.  "    Collection  Charges  on  Check 15 

Jan.  22.  "    Postage 2  00 

"  "    Standard  Printing  Co „.  265  70 

M'ch  3.  "    Postage 2  00 

May    4.  "            "       25 

May  25.  "            "       2  00 

May  31.  "            "       50 

June  22.  "           "       15  00 

July  5.  "    Book  Trunk 2  00 

"  "    Postage 2  70 

July  7.  "    Paper  Pins .• 20 

"  "    Trunk  Strap 76 

July  9.  "    Standard  Pt'g  Co 35  00 

July  13.  "    J.  H.  Decker,  salary 200  00 

Balance  cash  on  hand 230  00 

$905  20  $905  20 
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LIST  OF  MEMBERS. 


HONORARY. 

Y.  Nakajiraa,  Imperial  University Tokio,  Japan 

ACTIVE, 

Allen,  Chas.  P.,  Engineer  Waterworks Denver,  Col 

Andrew,  .Tas.  H.,  Sup't  Waterworks Central  Falls,  R.  I 

Archer,  Junies,  Water  Co Denver,  Col 

Ashford,  Z.  M.,  Mechanical  Eng.,  Waterworks Newport,  Ky 

Avery,  Wm.  H..  Snp't  Waterworks Port  Huron,  Mich 

Ayres,  H.  W.,  C.  E.  Waterworks  Hartford.   Conn 

Babcock,  S.  E.,  C.  E.  Waterworks Little  Falls,  X.  Y 

Ball,  Phiuehas,  Hydraulic  Engineer Worcester,  Mass 

Beach,  G.  E.,  Hydraulic  Engineer ;.... Minneapolis,  Minu 

_Bergstrom,  Andrew,  Mech.  Eng.  Waterw'ks... Minneapolis,  Minn 

liirkinbine,  Harry  C.  E.  Waterworks Council  Bluff's,  la 

Bixby,  Walter  A.,  Sup't  AVaterworks Galena,  111 

Bowen,  Wm.,  Sup't  Waterworks Oskaloosa,  la 

lliriggs,  J.  (}.,  Sup't  \V'aterworks Terre  Haute,  Ind 

Brown,  Calvin  S.,  with  National  Meter  Co New  York,  N.  Y 

Brown,  E.  H Grass  Valley,  Cal 

Brown,  Geo.  W.,  Sup't  Waterworks Longmont,  Col 

Brown,  J.  Henry,  Sup't  Mystic  Div.  Water  Dep't... Boston,  Mass 
Brush,  Clias.  B.,  C.  E.  and  Sup't  Waterworks. Hoboken,  N.  J 

_Buehner,  Philip,  Waterworks  Contractor St.  Paul,  Minn 

Bull,  Wm    B.,  Sup't  Waterworks Quincy,  111 

Burnes,  L.  C,  Secretary  Water  Co St.  Joseph,  Mo 

Cameron,  W.  L.,  Sec'y  and  Supt.  Waterworks Memphis,  Tenu 

Carson,  J.  M..  C.  E.  and  Supt.  Waterworks Danville,  111 

Cassin,  Isaac  S.,  Hydraulic  Engineer Philadelphia,  Pa 

Caulfleld,  John,  Sec'y  Water  Board St.  Paul,  Minn 

Chandler,  Geo.  H.,  Engineer  AVaterworks .Kalamazoo,  Mich 

Chase,  .lohu  C,  C.  E.  and  Supt.  Waterworks. ..Wilmington,  N.  C 
Clark,  Ezra,  Pres't  and  Supt.  Water  Commission... Hartford,  Conn 

_  Cloud,  J.  .\.,  Constructing  Engineer Jacksonville,  Fla 

Coggeshall,  R.  C.  P.,  Supt.  Waterworks New  Bedford,  Mass 

Conant,  Wliitney,  Sec'y  Water  Co Long  Branch,  N.  J 

Cook,  J.  D.,  Consulting  Eng  neer Toledo,  Ohio 

Croes,  J.  J.  R.,  Consulting  Engineer New  York,  N.  Y 

Darling,  Edwin,  Supt.  AVaterworks Pawtucket,  R.  I 

Davis,  F.  A.  AV.,  \^.-Pres.  and  Treas.  AVater  Co. ..Indianapolis,  Ind 
Davis,  T.  AV.,  Mech.  Eng.  with  H.R.Worthington,New  York,  N.Y 

Decker,  J.  H.,  Engineei  and  Supt.  Water  Co Hannibal,  Mo 

DeLuee,  AA'm.  T.,  Engineer '.... (Chicago,  111 

Denman,  A.  N.,  Sec'y  Water  Co DesMoines,  la 

Diven,  .1.  M.,  Sec'y  a'nd  Treas.  AA^ater  Co Elmira,  N.  Y 

Donahue,  Jas.  P.,  A"ice-Pres.  and  Supt.  AVater  Co. ..Davenport,  la 

Druinmoud,  C  S.,  Director  AA'^ater  Co Winnipeg,  Can 

Dumont,  J.  H Omaha,  Neb 
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Dunbar,  E.  L.,  Sec'y  and  Sup't  Waterworks Bay  City,  Mich 

Dunham,  H.  F.,  Consulting  Engineer Cleveland,  Ohio' 

Eaton,  Frederick,  Consulting-  Engineer Los  Angelos,  Cal 

Ellis,  Geo.  A.,  Chief  Engineer  AVaterworks Racine,  Wis' 

Elmer  Howard,  Pres't  Sayre,  Pa.,  Water  Co Waverly,  N.  Y 

Elwes,  R.  Gervase,  Civil  and  Consulting  Eng London,  Eng^ 

Espy,  B.  M.,  Sec'y  and  Treas.  Waterwo^ks..r.....Wilkesbarre,  Pa 

Fannuig,  J.  T.,  Civil  and  Consulting  Eng Minneapolis,  Minn^ 

Fisher,  Wm.,  Supt.  Waterworks Marshalltown,  la 

Fitzg^erald,  Desmond,  C.  E.  and  Supt.  Water  Dept... Boston,  Mass__ 

Foster,  J.  T.,  Civil  Engineer Chicago,  111 

Frost,  E.  W.,  Sup't  Waterworks Colorado  Springs,  Col- 
Fry,  D.  C,  Sup't  Waterworks Jacksonville,  Ills 

Fuller,  F.  L.,  Constructing  Engineer Boston,  Mass- 
Gardner,  L.  H.,  Suii't  Water  Co New  Orleans,  La 

Getchell,  W.  H.,  Sec'y  Faribault  Water  Co Minneapolis,  Minn- 
Glover,  A.  S.,  Water  Registrar Newton,  Mass 

Godard,  A.  A.,  President  Water  Co Clay  Centre,  Kas 

Golding,  Wm.,  Mechanical  Engineer New  Orleans,  La 

Gow,  R.  M.,  Sup't  Waterworks Medford,  Mass 

Gray,  Carroll  E.,  Contractor  and  Builder Waukesha,  Wis 

Hague,  C.  A.,  Mec.  Eng.  with  Knowles  S.  P.  Co.,  New  York,  N.  Y 

Hamilton,  W.  S.,  Sup't  Waterworks Youngstown,  Ohio 

Hanna,  J.  L.,  Prest.  and  Manager  Water  Co Franklin,  Pa 

Hannah,  Jos.  E.,  Eng.  and  Sup't  Waterworks Winnipeg,  Can 

Harlow,  Geo.  R^,  Constructing  Engineer Pittsburgh,  Pa 

Harper,  Louis,  Sup't  of  Construction Rapid  City,  Dak 

Harrison,  H.  H.,  Sup't  Waterworks Stillwater,  Minn 

Heermans,  H.  C,  Sup't  Waterworks Corning,  N.  Y 

Hely,  John  P.,  Civil  and  Hydraulic  Engineer St.  Louis,  Mo_ 

Henion,  J.  W.,  Sup't  Waterworks Minneapolis,  Minn 

Henderson,  Wilson,  Sup't  Waterworks Peterborough,  Ont-' 

Hering,  Rudolph,  Chf.  Eng. Drainage  and  Water  Sup.,  Chicago,  111 

Hill,  John  W.,   Mech.   P]ng Cincinnati,  Ohio 

Holdeu,  H.  G.,  Sup't  Waterworks Lowell,  Mass 

Holland,  D.  L.,  Eng  and  Sup't  Waterw'ks,  Saratoga  Springs,  N.  Y^ 

Holly,  Frank  W.,  Mechanical  Engineer Lockport,  N.  Y 

Holnian,  M.  L.,  Water  Commissioner St.  Louis,  Mo 

Holme,  Richard,  Sec'y  and  Sup't  Water  Co Denver,  Col 

Holme,  Richard,  Jr.,  Cashier  Water  Co Denver,  Col^ 

Hood,  Chas.,  Sup't  Waterworks Burlington,  laT' 

Hooper,  Thos.  N.,  Chief  Engineer  Waterworks Davenport,  la 

Hornung,  Geo.,  Civil  Engineer Newport,  Ky 

Houston,  Jas.  D.,  Pres't  Water  Co New  Orleans,  La' 

Howland,  A.  H.,  Constructing  Engineer Boston,  Mass 

Inman,  Geo.  B.,  Contracting  Engineer New  York,  N.  Y 

Johnson,  J.  B.,  Prof.  Civil  Eng.  Washington  Univ St.  Louis,  Mo 

Jones,  A.  J.,  Sup't  and  Treas.  Waterworks,  New  Brunswick,  N.  .1 

.Tones,  B.  F.,  Sup't  Water  Co Kansas  City,  Mo 

Jones,  J.  I.,  Sup't  Waterworks Leavenworth,  Kaa-^ 

Jones,  R.  M.,  Manager  Waterworks Wyandotte,  Kas 

Joy,  Moses,  Jr.,  President  Water  Co Milford,  Mass 

Keating,  E.  H.,  City  Engineer Halifax,  Nova  Scotia 

Keeler,  H.E.,  Director  Charleston,  111.,  Water  Co Chicago,  111 

Kent,  A,  F.,  Pres't  and  Sup't  Water  Co Jamestown,  N.  Y 

Kuhn,  W.  S.,  Contracting  Engineer McKeesport,  Pa 

Kuhnen,  N.,  Pres't  Water  Co Davenport,  la 
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LeConte,  L.  J.,  Civil  and  Consulting  Engineer Oakland,  Cal 

Linneen,  P.  H.,  Mechanical  Engineer Lockport,  N.  Y 

Loweth,  Chas.  F.,  Civil  Engineer ..St.  Paul,  Minn 

Ludlow,  Win.,  Engineer  Comm'r,  U.  S.  A Washington,  D.  C 

Lyman,  I,  L.,  Comm'r  and  Sup't  Waterworks Lincoln,  Neb 

McCanne,  D.  J.,  Sup't  Waterworks Gunnison,  Col 

McCIary,  W.  F.,  Bup't  Waterworks Mt.  Pleasant,  la 

McConnell.  H.  S.,  Sec'y  Water  Co New  Brighton,  Pa 

McElroy,  Samuel,  Civil  Engineer Brooklyn,  N.  Y 

jNIcIntire,  H.  B.,  Chief  p]ngiiieer  Water  Dep't...  Wilmington,  Del 

McMiun,  J.  H.,  Sup't  Waterworks Williamsport,  Pa 

Manning,  Chas,  F.  Sup't  Waterworks Hagerstown,  Md 

Martin,  John,  Engineer  Waterworks... St.  Johns,  Newfoundland 
Martin,  Robert  K.,  Chief  I";  r,'-ineer  Water  Dep't...  Baltimore,  Md 

Martine,  A,  H.,  Eug.  and  cSup't  Waterworks Knoxville,  Tenn 

Maxwell,  J.  P.,  Civil  Engineer Boulder,  Col 

Mills,  J.  Albert,  Sup't  Waterworks St.  Catherines,  Out 

Mills,  Wm.  B.,  Pres't  Water  Co Denver,  Col 

Milne,  Peter,  Jr.,  Consulting  Engineer New  York,  N.  Y 

^lilner,  W.  J.,  Sec'y  and  Sup't  Waterworks Birmingham,  Ala 

Molls,  Wm.,  Sup't  Waterworks Muscatine,  la 

Moody,  Frank  F.,  Registrar  Water  Dep't Minneapolis,  Minn 

Moore,  A.  G.,  Engineer  and  Sup't  Water  Lep't Cincinnati,  O 

Moore,  D.  F.,  Sup't  Waterworks Phfenixville,  Pa 

Moore,  M.  M.,  Civil  Engineer Dayton,  Ohio 

Moore,  Robert,  Civil  Engineer St.  Louis,  Mo 

Moorhead,  T.  S.,  Civil  and  H^^draulic  Engineer Milton,  Pa 

Morse,  C.  W.,  Sup't  Waterworks Haverhill,  Mass 

Morton,  B.  R ,  C.  E.  and  Sup't  Waterworks Newport,  Ky 

Murdock,  Gilbert,  (;.  E.  and  Sup't  Waterworks. .-St.  Johns,  N.  B 

Neagle,  P.  J.,  Sup't  Waterworks Elmira,  N.  Y 

Newton,  H.  M.,  Sec'y  and  Sup't  Waterworks..East  Saginaw,Mich 

Noyes,  A.  F.,  Chief  Engineer  Waterworks Newton,  Mass 

Parrott,  H.  C,  Mechanical  Engineer Lockport,  N.  Y 

Pearsons,  G.  W.,  Chief  Engineer  Water  Co Kansas  City,  Mo 

Pearsons,  R.  C,  Ass't  Eng.  K.  C.  Water  Co Wyandotte,  Kas 

Perkins,  P.  B.,  Contracting  Engineer Springfield,  Mo 

Phipps,  E.  H.,  Sup't  Waterworks West  Haven,  Conn 

Pond,  F.  H.,  Meclianical  Engineer St.  Louis,  Mo 

Perry,  Wm.  Jr.,  Constructing  Engineer Montreal,  Quebec 

Porter,  Wm.  T.,  Pres't  Board  Water  Com'rs Wilmington,  Del 

Price,  Chas.  G.,  Cashier  for  Water  Co Hannibal,  Mo 

Priddy,  Chas.  N.,  Sec'y  and  Sup't  Waterworks Leadville,  Col 

Rteder,  F.  Wm.,  Consulting  Engineer St.  Louis,  Mo 

Randell,  J.  M.,  Supt  Waterworks East  Orange,  N.  J 

Rensford,  C.  C,  Chief  Engineer  Waterworks Covington,  Ky 

Reyer,  Geo.,  Sup't  Waterworks Nashville,  Tenn 

Rhodes,  Benj.,  Eng.  and  Sec'y  Waterworks... Niagara  Falls,  N.Y 

Richards,  W.  G.,  Sup't  Waterworks Atlanta,  Ga 

Richmond,  Alex.,  Sup't  Street  Dep't  W^ater work s.-.Daj- ton,  Ohio 

Rinker,  Andrew,  City  Engineer Minneapolis,  Minn 

Robinson,  Geo.  W.,  Director  of  Water  Co Winfield,  Kas 

Rundlett,  L.  W.,  Chief  Engineer  Water  Dept St.  Paul,  Minn 

Ryle,  John,  President  Water  Co Paterson,  N.  J 

Ryle,  Wm.,  Superintendent  Water  Co Paterson,  N.  J 

Sawyer,  J.  T.,  President  Water  Co... Waverly,  N.  Y 

Schtefer,  August,  Sup't  Waterworks Maysville,  Ky 
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Schefold,  Frank,  Sup't  Waterworks New  Albany,  Ind 

Schon,  Carl,  Civil  Engineer Toledo,  Ohio 

Searles,  W.  H.,  Civil  and  Consulting  Engineer. ...Cleveland,  Ohio 

Sekell,  A.  C,  Consulting  Engineer.... Grand  Rapids,  Mich 

Sherman,  W.  B.,  Mechanical  Engineer ..Providence,  R.  I 

Shields,  Geo.  A.,  Superintendent  Waterworks Pueblo,  Col 

Smith,  Herbert  L.,  Sup't  Waterworks Norfolk',  Va 

Sprague,  W,  W.,  Chief  Eng.  Waterworks Town  of  Lake  111- 

Stauffer,  D.  Mc.  N..  C.  E.,  Ed.  "Eng.  News" New  York,  N.  Y 

Stephens,  Benj.  F.,  Constructing  Engineer Flatbush,  N.  Y- 

Stevens,  G.  C T Newport,  R.  I 

Stripe,  W.  C,  Sec'y  and  Sup't  Waterworks Keokuk,  la 

Swain,  Chas.  R.,  Sup't  Waterworks Peekskill,  N.  Y 

Swain,  Geo.  F.,  Prof.  C.  E.  Mass  Inst,  of  Tech Boston,'  Mass- 
Taylor,  L.  A.,  Constructing  Engineer Worcester,  Mass 

Troy,  John  W.,  Superintendent  Waterworks Pierre  Dak 

Todd,  John  R.   --     ■  —    ■      ~      ■ 

Tomlinson,  f 
Tubbs,  J.  N( 

VanCleve,  H.  S.,  Dir.   Pierre,  Dak.,  Water  Co-Minneapolis' Minn- 
Walsh,  Matt.  Sup't  Waterworks Minneapolis,  Minn 

Waltz,  Jos.  E.,  City  Engineer Dayton,  Ohio 

Waters,  James,  Chief  Eng.  Waterworks Minneapolis,  Minn 

Watson,  Walter,  Civil  Engineer Pittsfield.  Mass 

Watts,  Sylvester,  Contracting  Engineer St.  Louis,  Mo 

Weller,  John,  Inspector  Waterworks East  Saginaw,  Mich 

Willard,  W.  H.,  Sup't  Waterworks Eau  Claire,  Wis 

Williams,  L.  H.,  Sec.  &  Treas  New  Castle  Water  Co...Pittsburg  Pa 

Wills,  E.  S.,  Superintendent  Water  Co Atchison,  Kas 

Wiltsie,  Myron,  Engineer  of  Construction Rapid  City,  Dak- 
Wing,  Fred.  Cashier  for  Water  Co Kansas  City,  Mo 

Wingfleld,  N.,  Chief  Eng.  Waterworks Chattanooga, 'Tenn 

Wirt,  R.  D.,  Superintendent  Waterworks Independence,  Mo 

Wood,  H.  D.,  Sec.  and  Treas.  Hannibal  Water  Co..St.  liouis,  Mo. 

ASSOCIATE. 

Adee,  Fred  &  Co,  No.  52  Cliff  st New  York,  N.  Y 

Beaumont,  Richard Kankakee,  111 

Bingham  &  Taylor,  Clinton  &  Jackson  sts Buffalo,  N.  Y 

Blake,  Geo.  F.  Mfg.  Co.,  Nos.  9-5-99  Liberty  st...New  York,  N.  Y 

Chandler  &  Swift Buffalo,  N.  Y 

Chapman  Valve  Mfg.  Co Indian  Orchard,  Mass 

Chattanooga  Foundry  &  Pipe  Works Chattanooga,  Tenn 

Cincinnati  &  Newport  Iron  and  Pipe  Co Newport,  Ky 

Clow,  J.  B.  &  Sons,  Lake  and  Franklin  st Chicago,'  Ills 

Columbus  Water  Works Columbus,  Ohio- 
Connelly  P.,  No.  351  Adams  st Brooklyn,  N.  Y 

Davidson  Steam  Pump  Co.,  No.  41-51  Keap  st Brooklyn,  N.  Y 

Davis,  Cresswell  &  Co Denver,  Col 

Deane  Steam  Pump  Co Holyoke,  Mass 

Eddy  Valve  Mfg.  Co Waterford,  N.  Y 

Equitable  Water  Meter  Co.,  No.  36  India  Wharf Boston,  Mass 

Galvin  Brass  and  Iron  Works Detroit,  Mich 

Gaskell,  H.  F.,  Holly  Mfg.  Co Lockport,  N.  Y 

Gordon  Maxwell  Co Hamilton,  Ohio 

Hardwicke  &  Ware Buffalo,  N.  Y  ■ 
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Hayes,  Geo.  B Buffalo,  N.  Y 

Hays  Mf?.  Co Erie,  Pa 

Hersey  Meter  Co Boston,  Mass 

Hooker,  Wm.  D.,  No  1101  North  Second  st St.  Louis,  Mo 

Jones  &  Lauo-hlins,  No.  28  West  Lake  st Chicago,  111 

Kellogg,  E.  H.  &  Co.,  Xo.  17  Cedar  st New  York,  N.  Y- 

Kupferle,  John  C St.  Louis,  Mo 

Long,  Dennis  <k  Co Louisville,  Ky 

Ludlow  Valve  Mfg.  Co Troy,  N.  Y 

McNeil,  A.  H Burlington,  N.  J 

Marsh,  W.  H.,  Man,  Tuerk  Hydraulic  Power  Co... New  York.N.  Y 

Michellon,  J.  P Camden,  N.  J 

IMichigan  Pipe  Co Bay  Citv,  Mich 

Morgan,  A.  W.,  No.  11  Poorest  Ave BufTalo,  N.  Y 

Mott,  J  L.,  Iron  Works,  No.  88  &  90  Beekman  st.New  York,  N.  Y 

Mueller  H Decatur,  111 

National  Meter  Co.,  No.  252  Broadway New  York,  N.  Y. 

National  Tube  Works  Co McKeesport,  Pa 

Nelson,  N.  O.,  Mfg.  Co.  8th  and  St.  Charles  sts St.  Louis,  Mo 

Newark  Filtering  Co.,  Tribune  Building New  York,  N.  Y 

Ohio  Pipe  Co Columbus,  Ohio 

Payne,  W.  S Fostoria,  Ohio 

Reading  Iron  Works,  Nos  1(5  and  18  North  .5th  st.. Philadelphia,  Pa 

Bipley  ct  Bronson,  Nos.  907-911  North  Main  st St.  Louis,  Mo 

Bobertson,  R.  A.  Jr.,  Agent Providence,  N.  J 

Roosevelt.  C.  H New  Eochelle,  N.  Y- 

Shickle,  Harrison  &  Howard  Iron  Co St.  Louis,  Mo 

Strang,  Samuel  A.,  No.  30  Pine  st New  York,  N.  Y. 

Union  Water  Meter  Co Worcester,  Mass 

Volker  &  Felthousen  Mfg.  Co Buffalo,  N.  Y 

W^ood,  E.  D.  &  Co.,  No.  400  Chestnut  st Philadelphia.  Pa 

Worthington,  H.  R.,  Nos.  86  and  88  Liberty  st...New  York,  N.  Y" 
WortJey,  Ted  &  Co Kansas  City,  Mo 
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Vice-Presidents, 
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EIGHTH  ANNUAL  MEETING 

OF  THE 

American  Water  Works 

ASSOCIATION, 

Held  at  Cleveland.  Ohio,  April  17,  18  ^  19, 1888. 


MoENiNG  Session,  Tuesday,  April  17,  1888. 

The  meeting  was  called  to  order  in  the  Assembly 
Eoom  of  the  Hollenden  Hotel,  at  10:30  o'clock,  by  the 
President,  Col.  J.  T.  Fanning,  who  said :  Gentlemen  of 
the  American  Water  Works  Association,  the  time  has 
now  arrived  for  the  opening  of  our  meeting,  as  we  have 
been  somewhat  delayed,  we  will  proceed  immediately  to 
business,  and  I  will  ask  the  Secretary  to  call  the  roll. 

Upon  the  call  of  the  roll,  the  following  members  re- 
sponded : 

ACTIVE. 

Allen,  Chas,  P Denver,  Colo. 

Ayres,  H.  W Hartford,  Conn. 

Babcock,  S.  E Little  Falls,  N  Y. 

Brown,  Calvin  S Toledo,  Ohio. 

Clark,  D.  M Elyria,  Ohio. 

Darling,  Edwin Pawtucket,  R.  I. 

Decker,  J.  H Hannibal,  Mo. 

Denman,  A.  N Des  Moines,  la. 

Diven,  J.  M Elmira,  N.  Y. 

Dunham,  H.  F Cleveland,  Ohio. 

Fanning,  J.  T MinneajDolis,  Minn. 

Frost,  E.  W Colorado  Springs,  Colo. 

Fuller,  F.  L Boston,  Mass. 

Gardner,  L.  H New  Orleans,  La. 

Gow,  R.  M Medford,  Mass. 

Hague,  Chas.  A New  York,  N.  Y. 

Hamilton,  W.  S Youngstown,  Ohio. 

Heniou,  Jno.  W Minneapolis,  Minn. 

Holly,  Frank  W Lockport,  N.  Y. 

Holme,  Richard,  Jr Denver,  Colo. 

Hooper,  Thos.  N Davenport,  la. 

Hornung,  Geo Newport,  Ky. 

Jones,  A.  J New  Brunswick,  N.  J. 


6 

Keeler,  H.  E Chicago,  111. 

Mo  is   Wm Muscatiue,  la. 

Phipps,  E.  H West  Haven,  Conn. 

Priddv'  Chas.  N Leadville,  Colo. 

Richards,  W.  G Atlanta,  Ga. 

Ryle,  Wm Paterson,  N.  J. 

Stephens,  Benj.  F Flatbush,  N.  Y. 

Troy,  Jno,  W Pierre,  Dak. 

Tubbs,  J.  Nelson Rochester,  N.  Y. 

Woodruff,  Timothy Bridgeton,  N.  J. 

ASSOCIATE. 

Adee,  Fred  &  Co New  York,  N.  Y. 

Beaumont,  R Kankakee,  111. 

Bingham  &  Taylor Buffalo,  N.  Y. 

Chapman  Valve  Co Indian  Orchard,  Mass. 

Clow,  J.  B.  &  Sons Chicago,  111. 

Columbus  Water  Works Columbus,  Ohio. 

Galvin  Brass  &  Iron  Works Detroit,  Mich. 

Gaskill,  H.  F Lockport,  N.  Y. 

Hersey  Meter  Co Boston,  Mass, 

Kellogg,  E,  H.  &  Co N^w  York,  N.  Y. 

Lake  Shore  Foundry Cleveland,  Ohio. 

Ludlow  Valve  Ml'g  Co Troy,  N.  Y. 

Morgan,  A.  W Buffalo,  N.  Y. 

Mueller,  H Decatur,  111. 

National  Meter  Co New  lork,  N.  Y.. 

National  Tube  Works  Co Chicago.  111. 

Payne,   W.  S Fostoria,  Ohio. 

Union  Water  Meter  Co Worcester,  Mass. 

Wood,  R.  D.,  &  Co Philadelphia,  Pa. 

Worthington,  H.  R New  York,  N.  Y. 

Wortley,  Ted,  &  Co Kansas  City,  Mo. 

NEW  MEMBERS. 

The  Secretary  presented  applications  for  membership 
as  follows : 

ACTIVE. 

Bement,  R.  C  B • •••St  Paail,  Minn. 

Benzenberg,  G.  H Milwaukee,  Wis. 

Bond,  Jos.  A Wilmington,  Del. 

Cooke,  Edward  C Tiffin,  Ohio. 

Gerecke,  F.  W -Chicago  111. 

Harris,  S.  W Racine,  Wis. 

Harris,  W.  T Jackson,  Tenn. 

Judson,  Chas.  A Sandusky,  Ohio. 

Lakin.  John  T Rockford^  111. 

Morley,  Philip East  Liverpool,  Ohio. 

Neville,  Thos.  J Rochester,  N.  Y. 

Shepperd,  F.  W New  York,  N.  \. 

Snow,  E  J • Brooklyn  N.^. 

Taylor,  John  W Newcastle,  Pa. 

Wadsworth,  A.  R Farmington,  Conn. 

Walker,  J.  S Birmingham  Ala. 

Young,  John Geneseo,  N.  \. 


ASSOCIATE. 

Edson,  Jarvis  B New  York,  N.  Y. 

Hall  Electric  Pump  Co Plainfield,  N.  J. 

Jewell  Pure  Water  Co Chicago,  111. 

Oliphant,  Wm •. Jersey  City,  N.  J. 

Richards,  H.  DeC ..Jersey  City,  N  J, 

Rouse  &  Hills  Co Cleveland,  Ohio, 

It  was  moved  and  seconded  that  the  foregoing  ap- 
plicants for  membership  be  elected  as  read,  and  that  the 
Secretary  cast  the  ballot  of  the  association. 

Carried. 

Upon  their  election  being  announced,  were  welcomed 
to  membership. 

The  President  :— I  observe  that  Mr.  Darling,  Presi- 
dent of  the  New  England  Water  Works  Association,  is 
present.  I  should  be  very  glad  to  have  him  come  forward 
and  take  a  chair  nearer  the  front.  Mr.  Darling  is  a  member 
of  our  association.  I  suppose  that  most  of  you  have 
met  him  before,  and  I  know  will  be  glad  to  see  him. 

Mr.  Darling:  —  Mr.  President  and  Gentlemen  of 
the  American  Water  Works  Association,  it  affords  me  a 
great  deal  of  gratification  to  be  present  with  you  to-day 
and  to  congratulate  you  upon  your  goodly  number  present. 
I  desire  to  extend  the  congratulations  of  the  New  England 
Association,  whom  I  have  the  honor  to  represent,  and  to 
wish  you  God-speed  in  your  laudable  undertaking.  I  be- 
lieve this  association  is  on  the  right  road.  Among  those 
in  attendance  here  to-day  (although  it  is  not  a  new  place  for 
me  to  be,  in  the  meetings  of  this  association,)  I  see  a  great 
many  new  faces,  which  affords  me  a  great  deal  of  pleasure. 
I  hope  we  shall  continue  to  grow  as  we  have  in  the  past, 
and  as  we  have  the  material  to  work  with  I  am  satisfied 
that  that  result  will  be  accomplished  in  the  end.  Thank- 
ing you  for  your  attention,  I  accept  the  seat  kindly  prof- 
fered by  your  chairman.    (Applause.) 

Mr.  Burke  : — Mr.  President  and  Members  of  the 
Association,  I  have  an  invitation  from  the  Globe  Iron 
Works  Company  for  you  to  attend  a  launch  at  their  yard 
at  three  o'clock  this  afternoon.  They  will  be  very  glad  to 
have  you  accept  the  invitation  and  honor  them  with  your 
presence.  The  boat  was  constructed  for  the  managers  of 
the  Manitoba  Road  and  is  a  very  fine  steamer.  If  you 
will  postpone  your  meeting  this  afternoon  and  go,  I  would 
be  very  glad  to  have  you  see  the  launch. 
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The  President  :— Gentlemen,  you  hear  the  propo- 
sition that  Mr.  Burke  presents.  It  is  a  courteous  invitation 
and  I  would  like  to  hear  your  views  as  to  whether  you 
will  accept  the  invitation  and  whether  you  think  we  ought 
to  spare  the  time  from  our  business. 

Mr.  Gardner  : — Mr.  President,  with  due  apprecia- 
tion of  the  courtesy  of  the  invitation  extended,  I  move 
that  the  matter  be  referred  to  the  Executive  Committee 
for  their  decision  and  a  later  report.     Carried. 

The  Secretary  :— I  desire  to  offer  a  motion.  That 
the  Civil  Engineers'  Club  of  the  City  of  Cleveland,  together 
with  the  Water  Commissioners,  and  all  interested  in  the 
Water  Department  of  the  City  of  Cleveland,  and  any 
member  of  technical  schools  in  the  vicinity  be  invited  to 
seats  with  us,  and  that  the  courtesies  of  the  association 
be  extended  to  them. 

The  President  : — I  think  the  motion  of  our  secre- 
tary is  very  timely,  and  it  is  with  pleasure  that  I  put  the 
question.    Carried. 

The  President  : — According  to  our  order  of  busi- 
ness,  at  this  time  comes  an  address  from  the  President, 
but  instead  of  giving  you  any  set  address  I  will  read 
a  paper  on  » 


WATUE  SUPPLY  TBEATMENTS  AND  SOURCES. 


NATUBAIi     CLABIFICATIOXS. 

The  first  and  highest  amonor  municipal  duties  is  that  of 
securing  the  most  wholesome  public  water  supply  and  thereafter 
faithfully  protecting  the  same.  If,  charged  with  this  duty  the 
municipality  goes  to  the  river,  the  lake,  or  the  hill-side  stream  iu 
search  of  a  pure  supply,  it  will  learn  that  all  these  waters  have 
their  sediments  and  solutions,  and  most  of  them  have  such 
impurities  as  will  catch  the  attention  of  even  a  careless  observer. 

When  the  public  eye  observes,  or  the  public  receives  a 
rumor  that  these  impurities  are  flowing  from  its  taps,  there  is  a 
liability  of  exceedingly  capricious  opinion.  This  capriciousness 
over  real,  and  more  often  over  supposed,  impurities,  is  one  of  the 
chief  difficulties  with  which  projectors  and  managers  of  water- 
supply  have  to  contend,  and  out  of  it  have  grown  discussions 
and  hatreds  and  divisions  that  have  almost  rent  communities 
asunder. 

Sometimes  the  consumers  of  water  accept  a  supply  graci- 
ously when  to  do  so  is  to  endanger  their  community,  and  on  the 
other  hand  lack  of  funds  or  probable  profit  may  influence  the 
acceptance  of  a  pernicious  source  until  a  change  is  more  feasible. 
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The  waters  from  mountain  streams  among  the  granite  hills, 
though  unfortunately  within  reach  of  so  few  viJlages,  are  the 
purest,  and  are  also  the  clearest  waters,  except  in  their  floods. 
Then  next,  the  waters  from  the  gneiss,  trap  and  other  unstrati- 
fied  hills,  and  then  upland  lake  waters  are  excellent  in  their 
flow  ;  but  these  when  gathered  in  reservoirs  exposed  to  the  light, 
may  be  as  prolific  producers  of  tiny  plant  life  as  a  newly  fertil- 
ized lawn.  We  must  store  them  in  darkness  and  keep  their 
temperature  low  or  Ihey  will  present  a  requirement  for  artificial 
clarification. 

As  the  hill-side  streams  and  waters  of  the  upland  lakes 
abrade  their  channels  and  shores  and  receive  the  drainage  of  the 
midland  forests  and  low-land  swamps,  they  take  in  mineral  and 
organic  sediments,  and  on  reaching  the  lower  valleys  as  large 
rivers,  there  has  come  the  necessity  for,  in  some  degree,  their 
artificial  clarification  to  fit  them  for  portable  water  supplies.  For 
villages  and  towns  not  on  the  upland  hills,  clarification,  in  some 
form,  Is  a  result  of  most  exalted  importance. 

Among  the  bases  of  such  hills  as  furnish  the  best  water, 
are  found  the  best  examples  of  naturally  clarified  waters  in  their 
clear  flowing  springs. 

The  villages  and  towns  of  the  midlands  and  plains  have  to 
create  artificial  springs,  In  order  to  receive  the  advantages  of 
natural  clarification.  This  they  may  do  in  various  forms  of 
driven  and  steened  wells,  in  infiltration  tanks  and  in  filtration 
galleries,  but  for  reasonaole  success  they  must  be  in  silicious 
sands  or  coarse  gravels,  so  that  the  flow  may  be  ample  and  the 
mineral  impregnations  slight.  Large  proportions  of  soluble 
minerals  in  the  soils  leads  to  undue  hardness  in  the  waters  and 
excludes  such  soils  from  the  availables  for  infiltration  purposes. 

The  areas  of  water-sheds  of  the  wells  and  galleries  are 
controlling  conditions,  for  the  rainfall  upon  each  water-shed 
area,  less  evaporation,  is  the  true  source  and  measure  of  supply. 
The  uniformity' of  continuous  flow  of  this  rainfall  is  governed  by 
the  storage  capacity  of  the  soil  and  percolation  to  the  driven 
wells  through  its  water-shed  sub-strata.  If  the  gallery  and 
sources  of  flow  are  shallow,  then  the  water-shed  must  be  closely 
scrutinized  lest  some  organic  taints  be  washed  down  in  solution 
from  the  surface  where  the  rainfall  is  gathered. 

Three  principal  conditions  of  successful  inflltration  of 
potable  Avaters  are,  first,  sufficient  water-shed  ;  second  pervious 
receiving  and  conducting  strata  ;  and  third,  insoluble  storage 
strata.  The  most  successful  infiltrations  for  supplies  of  towns 
and  the  large  villages  have  been  into  relatively  long  and  narrow 
galleries,  and  the  purities  of  their  waters  have  varied  according 
to  the  nature  of  the  filtering  soils. 

The  mineralogical  conditions  suggested  above  indicate  In 
a  general  way,  where  infiltration  supplies  may  be  sought  with  a 
reasonable  degree  of  success.  In  their  most  successful  use,  about 
one-tenth  acre  of  bottom  surface  in  the  gallery  has  supplied 
1,000,000  gallons  of  water,  requiring  a  gallerv,  say  8  ft.  wide  and 
540  feet  long. 

Granular  sands  offer  the  best  possible  conditions  for 
infiltration,  and  are  some  times  available  in  the  Islands  and 
shores  of  lakes  and  streams.  Without  the  most  favorable  con- 
ditions, the  extent  of  gallery  required  makes  infiltration 
unavailable  to  the  medium  sized  and  larger  cities  of  the  valleys. 
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DEEP  WELL  WATEB  SUPPLIES. 

Different  systems  in  the  construction  of  water  works,  like 
styles  in  architecture,  have  their  respective  waves  of  popularity. 
Just  at  present  driven  and  drilled  wells  are  attracting  much 
attention,  and  all  over  our  land,  prospectors  are  drilling  deep 
for  water,  oil  and  gas. 

Discussions  of  the  "germ  theory"  of  disease  have  been 
frequent  of  late,  in  which  drinking  water  from  surface  sources 
is  assumed  to  be  some  times  a  conveyor  of  micro-organisms  which 
become  lodged  in  the  human  system  and  induce  various  fevers 
and  epidemic  diseases.  These  have  had  much  influence  in 
leading  individuals  and  villages  to  seek  their  water  supplies, 
deep  below  the  habitations  oi  the  proptophyta  and  protozoa,  and 
there  is  a  popular  notion  in  most  localities  that  if  a  well  is  only 
drilled  deep  enough  anywhere,  a  flow  will  be  the  reward,  as 
copious  as  when  Moses  smote  the  rock  in  the  wilderness. 

There  are  localities  where  an  artesian  flow  of  water  or  oil  is 
a  probability,  and  other  localities  where  the  financial  expendi- 
ture for  a  test  is  unwarranted.  An  intelligent  stratiographic 
study  of  any  locality  is  the  basis  of  a  prediction  whether  granite, 
limestone,  sandstone,  shale  or  coal  will  be  found  in  the  sub-strata, 
and  likewise  it  is  the  basis  on  which  to  found  the  prediction  of 
the  presence  or  absence  of  water  or  oil  that  will  flow  with 
sufficient  volume  and  pressure. 

An  invariable  condition  of  which  a  flowing  well  may  be 
produced  is  an  inclined,  porous  or  pervious  stratum  overlaid, 
with  an  impervious  stratum,  and  the  pervious  usually  overlays 
an  impervious  stratum.  To  illustrate  these  conditions  on  a 
minute  scale,  take  a  china  saucer  and  cover  its  interior  with  a 
^  in.  depth  of  granular  sand  and  then  place  within  it  another 
smaller  saucer  covering  the  sand.  Now,  if  the  sand  between  the 
saucers  be  filled  and  replenished  with  water  to  the  brim  of  the 
inner  saucer,  by  rain  or  otherwise,  and  a  fine  hole  be  drilled 
through  the  lower  portion  of  the  inner  saucer,  then  an  artesian 
flow  will  be  the  result.  Substantially  this  condition  is  often 
found  in  the  sandstone  region,  and  where  an  extensive  coarse 
granular  stratum  of  stone  or  of  gravel  lies  inclined  between  fine- 
grained stone  or  clay,  and  has  a  broad  outcrop  at  its  highest 
edge,  a  copious  sujoply  of  water  will  be  found,  and  the  volume  of 
water  it  can  continuously  supply  will  always  be  dependent  on 
the  replenishing  rainfall  supplying  its  higher  portion  i  f  outcrop, 
its  available  water-shed. 

This  condition  cannot  be  anticipated  where  the  igneous 
rocks  are  near  the  surface  or  where  the  rock  is  fine-grained,  as 
in  limestone  or  slate,  unless  the  rock  is  badly  shattered.  Portable 
artesian  water  can  rarely  be  anticipated  in'the  bituminous  belts, 
now  well  defined  in  the  settled  portions  of  our  continent,  and 
usually  well  outlined  in  the  geological  maps  of  our  States,  and 
only  in  this  latter  may  oil  and  gas  reasonably  be  anticipated. 

As  with  the  gallery,  so  with  the  artesion  supplies  we  find 
the  extent  of  available  watershed  to  interpose  a  limiting  condi- 
tion, and  rarely  can  the  medium  and  larger  sized  cities  of  the 
valleys  find  an  ample  deep  well  clarified  supply  by  searching 
amoiig  the  strata.  These  cities,  in  order  to  have  clarified  water, 
must  employ  some  form  of  artificial  clarification  to  improve 
available  surface  water  supplies.    We  have  already  alluded  to 
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the  usual  necessity  for  such  clarification,  but  when  the  necesities 
"that  "TOW  out  of  our  physical  requirements  are  opposed  by 
municipal  financial  weakness,  the  weakness  usually  proves  the 
stronger. 

ARTIFICIAL  CLARIFIC  A.TIONS. 

Sedimentation,  precipitation,  filtration  and  deration  of 
water  supplies  are  subjects  that  have  been  ably  discussed  in 
these  meetings,  and  some  valuable  papers  relating  to  these  topics 
are  ready  for  presentation  during  this  annual  gathering,  so  that 
a  mention  in  outline  only,  is  proper  at  this  time.  As  in  natural 
clarification  so  in  artificial,  the  chief  objects  are  the  removal  of : 

1.  Mineral  matters  in  suspension,  consisting  chiefly  of 
silicious  and  calcareous  sands,  marls,  loam  and  clay. 

2.  Dissolving  organic  matters  in  suspension,  both  vege- 
table and  animate. 

3.  Live  organisms,  both  vegetable  and  animal,  and  for  a 
further  duty  the  dissolution  of  the  organic  and  mineral  solutions 
in  the  water,  including  the  removal  of  acquired  color  and  resto- 
ration of  a  due  proportion  of  oxygen. 

As  incident  to  the  study  of  clarification  of  waters  attention 
has  been  drawn  to  the  forms  of  aquatic  life  that  lead  to  the  chief 
necessity  of  such  treatment.  We  have  observed  that  the  clear 
mountain  streams  held  iu  storage,  and  pure  waters  generally,  if 
exposed  to  light  and  summer  warmth  develop  certain  of  the  fresh 
water  algfe  with  rapidity,  and  of  such  plant  life  the  desmids  take 
most  kiudly  to  the  pure  water.  They  are  harmless  while  thriv- 
ing, but  if  abundant  give  odor  and  opaqueness  to  the  water  as 
they  decay. 

The  oscillatoria  and  confervas  incline  to  waters  with  calca- 
reous impregnation  and  are  indicative  of  hardness  to  some  ex- 
tent. The  bacteria  are  of  the  lowest  group  of  alg?e,  and  incline 
to  waters  having  organic  pollutions,  and  these  are  the  micro- 
scopic plants  we  are  taught  most  to  fear.  Their  presence  has 
been  believed  to  be  invariably  associated  with  the  putrefaction 
of  decaying  animal  and  vegetable  matter  and  their  tenacity  of 
life  is  not  less  remarkable  than  that  of  the  lowest  forms  of  ani- 
mal organization.  Dr.  Cohn  distinguishes  two  classes  of  them 
present  in  the  ferments  of  putrescence,  a  color-producing  class 
and  a  disease-producing  (pathogenous)  class. 

The  term  "naicrobes,"  as  used  in  our  literature  of  water 
analysis,  includes  both  the  micro-alga?  and  micro-fungi.  The 
biological  investigations  of  public  water  supplies  includes  the 
study  of  the  characteristics  of  the  microbes  and  of  the  efl^ects 
they  may  produce  on  contact  with  lite  and  their  effects  when  in- 
troduced into  the  human  system. 

Among  the  lowest  forms  of  animal  aquatic  life  the  spongilla 
has  proved  most  offensive  in  the  odors  it  gives  to  our  natural  lake 
and  impounded  waters.  The  tiny  infusoria  and  polypes  some- 
times develop  in  superabundance,  and  in  their  decay  make  an 
objectionable  water  pollution.  The  pollutions  most  apparent  to 
the  naked  eye,  other  than  mineral  sediments,  are  the  washings 
of  forest  and  field,  disolving  into  a  fibrous  condition,  and  the 
pollutions  harboring  most  dangers  are  the  several  classes  of 
sewage  in  process  of  dissolution  and  in  solution. 

Dilution  and  agitation  are  Nature's  remedies  for  natural 
pollutions,  but  humanity  has  counteracted  the  remedy  where  it 
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has  built  its  gardens,  factories  aad  towns  more  numerous  and 
dense  as  the  water  grows  slacker  along  its  course  through  the 
valleys  to  the  sea. 

The  remedy  which  has  been  most  extensively  tried  and 
most  discussed  in  these  meetings  is  sand  filtration,  and  you  are 
familiar  with  the  construction  of  saud  filters.  Among  the  best 
surfacing  materials  for  these  are  fine  grained  silicates  of  soda, 
the  granitic  sands,  and  with  tliese  are  mixed  at  time  granular 
iron  and  especially  the  magnetic  carbide  of  iron  and  charcoal, 
and  prepared  silica-carbon  and  charcoal  plates »have  also  been 
used.  These  filters  do  excellent  service  if  they  are  cleaned  as 
often  as  excellent  service  demands,  which  is  very  often  for  a 
turbid  water.  If  not  duly  cleaned  they  may  clarify  water  for  a 
time,  in  lessening  degree,  until  the  filter  is  so  foul  with  in- 
tercepted matter  as  to  finally  pollute  the  fiowiug  water.  Un- 
cleaned  and  unferated  filters,  public  or  private,  are  an  abomina- 
tion and  a  danger. 

Sand  filters  for  public  supplies  require  about  four-tenths 
of  an  acre  of  surface  for  each  million  gallons  per  diem,  capacity, 
and  costs  from  §50,000  to  $80,000  per  acre  for  original  construction. 
In  Northern  cities  the  accumulation  of  anchor  ice  on  the  surface 
of  the  sand,  and  the  ice  on  the  surface  of  the  water,  interferes 
with  the  use  of  such  open  filters,  and  under  favorable  conditions 
the  cost  of  filtration  of  turbid  waters  will  not  be  less  than  $2.50 
per  1,000,000  gallons  of  water  filtered. 

The  water  ought,  if  possible,  to  be  prepared  for  either 
public  or  private  filtration  by  sedimentation,  if  it  carries  much 
sand  or  coarse  sediment,  and  by  precipitation  if  it  carries  much 
fine  clay  or  organic  matter  in  suspension,  mineral  or  organic 
matter  in  solution,  or  contains  undue  proportions  of  aquatic  life, 
so  that  the  filter  may  be  relieved  of  excessive  work,  clogging 
and  pollution,  and  may  be  thoroughly  cleaned  with  ease. 

Various  precipitants  are  familiarly  known  and  used  in  the 
processes  of  the  arts,  including  salts  of  many  of  the  metals.  For 
instance :  the  sulphates  and  per-sulphates  of  iron,  copper,  man- 
ganese, zinc,  alumina,  potassa,  lime,  and  the  chlorides  and  per- 
chlotides  of  iron,  tin,  aluminum,  magnesium,  calcium,  etc.  Hy- 
drated  aluminum  chloride  and  alumino- ferric  compounds  have 
had  large  applications,  and  iron  filings,  scraps  and  bundles  of 
wire  have  been  used  in  the  purification  of  water  polluted  with  vege- 
table organic  matter  in  process  of  dissolution.  Alum,  lime  andiron 
have  long  been  used  for  precipitants  by  families  whose  household 
supplies  of  water  came  from  the  clay  carrying  rivers  or  the  dark 
stained  upland  lakes.  The  sulphates  of  metal  should,  however, 
be  used  cautiously  where  they  are  liable  to  contact  with  organic 
dissolutions,  as  they  may  be  converted  into  soluble  sulphides  and 
disengage  sulphuretted  hydrogen. 

For  the  water  supply  of  a  large  city  natural  sedimentation, 
by  rest  of  the  water  in  settling  basins,  is  a  slow  process,  except- 
ing for  the  coarse  sands  and  heavier  sediments  and  requires  large 
and  costly  basins  in  which  to  give  the  water  six  to  twelve  days 
rest  before  it  is  passed  into  the  distribution  system.  With  the 
proper  and  continuous  use  of  precipitants  as  much  may  be  ac- 
complished in  the  sanae  number  of  hours  with  great  saving  in 
cost  of  settling  basins.  Some  of  the  precipitants  have  such  affin- 
ities for  organic  matters  in  dissolution,  and  clays  in  suspension, 
that  they  almost  instantly  unite  with  them  in  coagulating  floccu- 
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lent  masses,  and  are  so  concentrated  that  they  have  sufficient 
specific  gravity  to  promptly  start  them  journeying  downward  to 
the  basin  floor.  In  this  movement  of  the  flocculent  material 
clarifying  the  water,  the  micro-organisms  in  the  midst  of  the 
organic  pollutions  are  largely  caught  and  borne  downward.  In 
the  coagulations  are  caught  much  of  the  impalpably  fine  organic 
matter,  and  also  the  microscopic  plants  that  give  color  or  opaque- 
ness or  turbidness  to  the  water.  At  the  same  time  the  dissolving 
organic  matters  that  are  thrown  down  to  await  the  periodical 
cleaning  of  the  basin  floor  are  rendered  less  soluble  by  their  con- 
tact with  the  metallic  salts,  which,  with  exclusion  from  the  air, 
hinders  their  further  dissolution.  The  basin  floors  ought  to  have 
frequent  and  thorough  cleanings.  Those  pollutions  in  the  water 
that  incline  to  resist  precipitations  are  common  salt,  urea,  ammo- 
niacal  salts,  salts  of  the  alkaline  earths,  oils  and  refuse  similar 
to  that  from  gas  works.  As  nitrates  and  nitrites  are  not  fully 
controlled  by  the  precipitants  economically  available,  it  is  evi- 
dent that  precipitation  is  not  a  permanent  guarantee  against 
later  putrefaction  in  the  water  if  it  is  afterwards  exposed  to  light 
and  warmth  of  the  summer  sun,  but  the  tendency  is  lessened  by 
reduction  of  its  cause.  Limey  waters  are  alkaline  and  there  is 
more  tendency  to  active  putrefaction  in  alkaline  than  in  neutral 
or  acidulated  waters.  Then  we  are  to  observe  that  the  salts  of 
iron,  if  used  in  excess,  give  colors  to  the  water  ranging  from 
greenish  yellow  to  black  ;  for  instance,  contact  of  iron  with 
sulphur  gives  a  very  dark  brown  tint. 

For  water  supply  clarification  purposes,  solutions  of  iron, 
aluminum  and  calcium  are  the  precipitants  most  economically 
and  commercially  available,  and  they  are  used  alone  or  in  varied 
combinations  according  to  the  character  of  the  sediments  and 
pollutions  to  be  acted  upon.  Very  small  proportions  compara- 
tively, are  eflTective  and  the  precipitants  themselves  are  so  com- 
pletely carried  down  with  the  precipitated  matters  that  bare 
traces  of  the  former  remain  in  solution  in  the  water. 

Precipitation  is  an  intermediate  treatment  between  the 
more  common  processes  of  sedimentation  and  filtration,  and  it 
reduces  materially  the  time  and  cost  of  unaided  settlement,  and 
area  of  settling  basins.  1  he  precipitants  are  easily  introduced, 
for  they  may  flow  from  the  faucets  of  one  or  more  small  tanks 
placed  above  the  Inlet  stream  of  the  settling  basin,  and  thus  be 
intimately  intermingled  with  the  waters. 

In  preparing  an  iron  solution  for  clarifying  the  muddy 
water  of  the  Mississippi,  at  New  Orleans,  our  honored  ex-Presi- 
dent has  treated  red  hematite  iron  ore  with  hydro  chloric  acid, 
bringing  it  to  1.5  specific  gravity,  and  his  experiments  showed 
that  one  part  in  20,000  clarified  the  muddiest  water  of  the  river, 
and  neither  hardened  the  water  or  left  any  trace  of  iron  therein. 

In  every  case  where  filtration  is  desirable,  preliminary 
preparation  by  precipitation  is  important,  and  in  very  many 
cases  where  sand  filtration  on  the  older  system  is,  for  financial  or 
other  reasons  impossible,  precipitation  will  greatly  improve  the 
water  supply,  and  private  filters  on  the  services  of  such  as  can 
afford  them  can  complete  the  process  in  that  portion  of  their 
waters  that  are  devoted  to  culinary  and  driking  purposes. 

With  precipitation  most  waters  will  be  fully  fitted  to  enter 
the  distribution  pipes,  and  in  the  filtration  that  follows  as  a 
separate  treatment  the  filters  will  be  greatly  relieved  of  those 
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organic  matters  that  sooaest  clog  and  pollute  them,  and  the 
trouble  of  such  frequent  cleanings  as  public  or  private  filters 
must  have,  in  any  event,  will  be  lessened,  and  the  thoroughness 
with  which  they  may  be  cleaned  will  be  much  enhanced.  After 
precipitation  or  filtration  the  waters  should  be  kept  well  covered 
and  it  is  advisable  that  they  shall  not  be  kept  in  storage  long 
enough  for  the  slight  amount  of  remaining  organic  matters  to 
again  reach  a  condition  approaching  objectionable  dissolution. 

Aeration,  which  will  restore  to  the  water  an  abundance  of 
oxygen,  is  a  most  excellent  treatment  and  antiseptic  after  pre- 
cipitation and  filtration.  This  is  simply  accomplished  by  forcing 
air  into  the  pumping  main  or  letting  it  be  drawn  into  the  suction 
chamber  of  the  pump,  or  into  the  supply  main  from  the  reservoir. 

PROTECTION  OF  SOURCES   OF  WATER  SUPPLY. 

Glancing  over  a  map  of  the  water  courses  of  our  country, 
we  observe  that  the  towns  and  cities  designated  thereon  are 
generally  on  the  shores  of  those  streams  where  water-power 
encourages  their  growth  or  facilities  for  commerce  increase  their 
wealth.  The  streams  are  the  natural  sewage  channels  of  their 
water-sheds,  and  the  water  supplies  taken  therefrom  suffer 
according  to  the  densities  of  the  population,  and  the  extensive- 
ness  of  the  manufactures  and  agricultural  productions  along  their 
courses.  To  prevent  the  establishment  of  mills,  with  their 
accompanying  villages  and  gardens,  along  the  rivers,  will,  to 
some  extent,  interfere  with  local  and  national  prosperities,  and 
to  entirely  prevent  the  sewage  of  the  upper  villages  from  flowing 
down  to  the  cities  of  the  lowlands  will,  in  a  measure,  interfere 
with  natural  laws; 

We  are  not  adequately  handling  our  water  supplies  by 
simply  filtering  out  such  pollutions  as  may  chance  to  come  down 
to  us,  but  ought  to  begin  our  purifications  by  attacking  the  pol- 
lutions themselves  where  they  originate  and  providing  that  they 
shall,  so  far  as  possible,  be  first  spread  broadly  on  the  lands,  and 
there  precipitated  and  clarified  by  Nature's  laboratory  process. 

Except  in  the  mining  and  bituminous  districts  and  alkali 
plains,  we  need  rarely  fear  the  mineral  impregnations  that 
nature  sends  down  in  our  water  supplies.  It  is  the  vegetable 
organic,  and  especially  the  sewage  organic  matters  in  dissolution 
that  we  have  most  to  fear,  and  these  multiply  as  the  populations 
increase.  It  is  in  the  midst  of  these  that  the  disease  inducing 
germs  chiefly  generate.  The  desmids  and  bacteria  of  the  purer 
waters,  though  frequently  abundant,  are  not  proved,  nor  yet 
fairly  accused,  of  endangering  human  constitutions,  though 
absorbed  through  the  medium  of  water  supply. 

The  residents  of  local  water  sheds  have  their  duties,  each 
for  their  area  to  meet  and  handle  this  phase  of  the  problem. 
The  United  States  has  now  a  total  population  of  about  00,000,000 
people.    Our  past  rates  of  decennial  gain  have  been : 

1840  to  1850—35.81  per  cent. 

1850  "  1860—35.57         " 

1860  "  1870—22.62         " 

1870  "  1880—30.07        " 

The  increase  is  most  rapid  in  the  towns  and  cities  where 
the  systems  of  water  supply  must  be  public  in  their  character. 
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Eighty  per  cent,  of  the  population  of  the  State  of  Massachusetts, 
for  instance,  is  already  so  grouped  as  to  be  provided  with  public 
water  supplies. 

The  rapid  gain  in  population,  the  concentration  of  the 
people  in  towns,  the  increase  in  number  of  towns  and  in  new 
water  supply  systems,  all  significantly  suggest  a  united  action 
looking  to  the  matter  of  protections  of  the  sources  of  additioual 
water  supplies  for  existing  towns,  and  of  new  supplies  for  future 
towns.  This  is  a  question  that  seems  to  loom  up  before  us  as 
though  it  might  soon  assume  even  national  importance,  and  may 
in  the  early  future  tax  the  highest  resources  of  statemanship  and 
most  exalted  wisdom.  The  matter  is  worthy  the  earnest  consid- 
eration of  t'le  American  Water  Works  Association. 

Mr.  Dunham  : — I  would  like  to  say  that  Mr.  Hills, 
of  The  Eouse  and  Hills  Co.,  kindly  extends  an  invitation 
to  the  members  of  the  Association  to  visit  their  factory 
at  Lorain.  They  are  manufacturers  of  brass  goods,  and 
have,  I  believe,  one  of  the  best  shops  in  the  country. 

The  President  : — Mr.  Hills  has  extended  an  invita- 
tion to  the  members  of  the  Association  to  visit  their 
works.  If  it  is  your  pleasure,  it  will  be  referred  to  the 
executive  committee,  the  same  as  the  other. 

Said  invitation  was  then  referred  as  indicated. 

The  President  : — The  next  matter  in  order  should 
be  the  report  of  the  executive  committee.  I  am  informed, 
however,  that  the  committee  are  not  ready,  it  will  there- 
fore lay  over  until  our  afternoon  gathering. 

Adjourned. 


Afternoon  Session,  Tuesday,  April  17th,  1888. 

Meeting  called  to  order  by  President  Fanning  at  2:30 
o'clock. 

The  President: — We  have  with  us  the  City  En- 
gineer of  this  city,  Mr.  W.  P.  Eice,  whom  I  now  introduce 
to  you  and  who  would  like  to  speak  to  you  a  few  words. 

Mr.  Eice  : — I  desire  to  say  a  few  words  in  behalf  of 
the  Engineers  Department.  I  wish  to  extend  a  cordial 
invitation  to  you  to  visit  any  of  the  public  works  now 
going  on  in  charge  of  the  Department.  I  think  it  will  be 
of  interest  to  the  members.  I  will  be  glad  to  conform  to 
any  arrangement  that  may  meet  the  approval  of  your  com- 
mittee of  arrangements. 
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Mr.  Gardner: — I  move  that  the  invitation  be  re- 
ferred to  the  committee  of  arrangements. 

Adopted. 

The  President: — The  next  order  of  business  will 
be  the  report  of  the  Executive  Committee,  which  will  be 
presented  by  Mr.  J.  M.  Diven,  Vice-President. 

To  the  Members  of  the  American   Water   TForAs  Association : 

Gentlemen. — Your  Executive  Committee  would  respect- 
fully report : 

That  they  have  fixed  the  salary  of  the  Secretary  and 
Treasurer  at  5250  for  the  past  year,  and  have  authorized  him  to 
draw  warrant  for  that  amount. 

It  is  with  profound  sorrow  and  regret  that  we  note  the 
death  of  two  of  our  oldest  and  most  valued  members  ;  Messrs. 
John  Kyle,  of  Paterson,  N.  J.  and  W.  C.  Stripe,  of  Keokuk,  Iowa. 
We  would  recommend  that  the  Secretary  be  instructed  to  pre- 
pare suitable  obituary  notices  and  publish  them  with  the  pro- 
ceedings of  this  meeting,  and  that  copies  be  furnished  the  fam- 
ilies of  the  deceased. 

In  view  of  the  fact  that  to  the  latter  of  our  deceased  mem- 
bers, Mr.  W.  C.  Stripe,  is  largely  due  the  credit  of  the  organiza- 
tion of  this  Association,  that  he  was  practically  the  father  of  it, 
we  would  recommend  that  a  suitable  portrait  of  him  be  made 
and  inserted  in  the  proceedings. 

We  recommend  that  hereafter  the  proceedings  be  furnished 
gratuitously  only  to  the  members  of  the  Association,  the  technical 
press  and  schools,  and  to  such  kindred  associations  as  may  desire 
to  exchange,  and  that  to  all  others  a  uniform  charge  of  fifty  cents 
per  copy  be  made. 

Your  committee  has  considered  the  courteous  invitation 
extended  by  the  Globe  Iron  Works  to  witness  the  launch  of  an 
iron  steamer  from  their  yard  this  afternoon  at  three  o'clock,  and 
while  we  agree  that  it  would  be  both  pleasant  and  profitable  to 
witness  the  launch,  our  time  is  so  limited  that  we  beg  leave  to- 
acknowledge  the  courtesy  with  our  hearty  thanks  and  to  express 
our  sincere  regret  at  being  compelled  to  decline  it. 

We  have  also  considered  an  invitation  from  the  Lake  Shore 
Foundry  to  visit  their  works  and  recommend  its  acc(>ptance. 

We  recommend  that  Friday  be  set  apart  for  the  purpose  of 
visitiuET  such  places  of  interest  as  may  be  arranged  for,  and  that 
the  matter  of  arranging  therefor  be  'left  with  the  Committee  of 
Arrangements  and  "Reception,  to  whom  all  invitations  of  this 
character  be  referred. 

Respectfully  submitted. 

J.  T.  FANNING,  Prest.  for  Ex.  Com. 
Cleveland,  Ohio,  April  17th,  18.88. 

On  motion  the  report  was  adopted  as  read. 

Mr.  Diven  :  I  move  that  we  meet  here  at  eight 
o'clock  Friday  morning  for  the  purpose  of  visiting  the 
various  points  of  interest  that  may  be  arranged  for  by  the 
committee. 
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The  motion  was  adopted  by  a  standing  vote. 

The  President  :  The  next  thing  in  order  is  the 
report  of  the  Finance  Committee.  Mr.  Denman  is  Chair- 
man of  that  committee  and  will  please  report. 

Mr.  Denman  :  I  report  we  have  examined  the  Sec- 
retary's accounts  and  find  them  all  correct,  and  would 
state  the  detailed  report  of  the  Secretary  will  comprise 
what  the  Finance  Committee  would  say  if  they  were  to 
make  a  written  report. 

The  President  :  We  will  now  hear  the  report  of 
the  Secretary  and  Treasurer. 

REPORT  OF  SECRETARY  AND  TREASURER. 

To  the  Officers  and  Members  of  the   American    Water    Works 
Association  : 

Gentlemen  : — I  have  the  honor  to  submit  herewith  my 
eighth  annual  report  as  Secretary  and  Treasurer  of  the  Associa- 
tion. 

Since  the  presentation  of  my  last  report  the  Association 
has  g-ained  1  Honorary,  44  Active  and  5  Associate  members  ;  and 
has  lost,  by  death  3,  2  Active,  W.  C.  Stripe,  of  Keoliuk,  la.,  and 
John  Ryle,  of  Paterson,  N.  J.,  and  1  Associate  member,  James 
I"  lower,  of  Detroit.  Mich  ;  by  resignation  4 — 3  Active  and  1 
Associate,  leaving  an  actual  net  gain  of  43  members.  There  are 
now  enrolled,  1  Honorary,  220  Active  and  54  Associate,  a  total 
of  275  members. 

CASH  STATEMENT. 

Balance  on  hand  last  repot |230  00 

Rec'd  from  Admission  Fees $270  00 

"         "      Annual   Dues 579  00 

"         "      Y.  Nakjima  (contribution) 5  00 

"         "      Sales  of  Proceedings 7  90 

"         "         "       "    Denman  Papers 3  35      865  25 

Total  from  all  sources $1095  25 

Disbursements : 
Paid  "Warrant  32,  in  favor  M.  P.   Yocum,   Stenographic 

Report $      47  55 

Paid  Warrant  33,  in  favor  Standard  Ptg.  Co.,   Proceed- 
ings and  Stationery 283  30 

Paid  Warrant  34,  in  favor  Standard  P.  Co.,  Notices  and 

Badges 40  10 

Paid  Warrant  35,  in  favor  J.  T.   Fanning,  Prest.,  Ptg.  & 

Postage 234  90 

Paid  Warrant  36,  in  favor  J.H.  Decker,  Secy.,  Office  Ex. 

and  Postage '. 67  85 

Paid  Warrant  37,  in  favor  J.  H.  Decker,  Salary 250  00 

Balance  Cash  on  hand 171  55 

$1095.25 
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With  hearty  and  sincere  thanks  to  my  fellow  officers  and 
members  for  the  many  courtesies   extended  and   the  assistance 
rendered,  which   has   served   largely  to  reduce   the  cares  and 
duties  incidental  to  the  office,  this  is 
Respectfully  submitted. 

J.  H.  DECKER, 

Secretary  &  Treasurer. 
Cleveland,  Ohio,  April  17th,  1888. 

On  motion  the  report  was  accepted  as  read. 

The  President  :  There  being  no  fnrther  routine 
business  we  will  now  hear  Mr.  J.  Nelson  Tubbs,  of 
Kochester,  N.  Y. 

Mr.  Tubes:  When  your  President  invited  me  to 
read  a  paper  I  had  in  contemplation  the  preparation  of  a 
paper  covering  the  general  progress  of  the  sanitary  pro- 
tection of  water  sheds,  but  on  getting  into  the  matter  a 
little  I  found  the  time  it  would  take  prevented  my  under- 
taking it.  I  have,  therefore,  confined  myself  and  paper 
exclusively  to  "The  Sanitary  Protection  of  Water  Sheds  of 
Eochester,"  believing  that  the  members  of  this  association 
are  intensely  practical  in  their  work  and  like  to  hear  of 
things  practically  accomplished,  I  have  prepared  some 
printed  copies  and  the  paper  is  very  short. 


METHODS  ADOPTED  FOR  THE  SANJTARY  PROTEC- 
TlOy    OF   THE    WATER  SHED    WHICH  FUR- 
NISHES A  S  UPPL  Y  OF    WA  TER   b  OR 
DOMESTIC  PURPOSES  TO  THE 
CITY  OF  ROCHESTER,  N.  Y. 

The  water  for  a  domestic  supply  for  the  City  of  Rochester, 
N.  Y.,  is  obtained  from  a  natural  lake,  situate  in  the  county  of 
Livingston,  about  thirty  miles  southerly  from  and  at  an  elevation 
of  388  feet  above  said  city.  The  Indian  name  for  this  lake  is 
0-neh-da,  or,  in  English,  Hemlock. 

The  lake  is  about  seven  miles  long  and  five-eighths  of  a 
mile  wide.  It  occupies  the  northern  extremity  of  a  deep,  narrow 
valley,  which  is  fifteen  miles  long.  In  the  southern  part  of  the 
valley  is  situated  the  village  of  Springwater,  having  a  population 
of  about  600.  The  shores  of  the  lake  are  bluff  and  steep,  rising 
to  a  height  of  from  300  to  500  feet,  and  mostly  covered  with  a 
growth  of  timber. 

The  basin  of  the  lake  is  deeply  excavated  in  the  formation 
known  as  the  Marcellus  Shale,  lying  above  the  limestone  rock  of 
that  region. 

In  the  Springwater  valley,  south  of  the  lake  and  on  the 
summit  of  the  bluffs  forming  the  boundary  of  the  basin,  are  a 
considerable  number  of  farms  devoted  to  the  usual  purposes  of 
agriculture. 


19 

About  the  time  at  which  operations  v/ere  commenced  to 
utilize  Hemlock  Lake  as  a  source  of  water  supply  for  the  city, 
the  attention  of  our  own  citizens,  as  well  as  those  of  surrounding 
cities  and  towns,  was  attracted  to  the  lake  as  a  desirable  point 
for  summer  residences. 

The  wildness  of  the  scenery,  the  purity  of  the  water,  the 
healthfulness  of  the  situation  and  the  g-eneral  beauty  of  the 
surroundings,  together  with  its  elevation  of  900  feet  above  the 
sea  at  surface  of  lake,  with  the  slope  of  the  hills  rising  to  1,400 
feet,  has  gradually  attracted  a  considerable  summer  population. 
At  this  date  there  are  in  use  about  100  cottages  and  several  hotels 
or  summer  boarding  houses,  and  the  summer  population,  in- 
cluding transient  visitors,  amount  to  from  500  to  700  persons. 

The  necessity  for  the  efficient  sanitary  protection  of  this 
water  shed  was  self  evident.  Obviously  the  ideal  method  would 
be  the  purchase  of  the  lake  and  its  whole  water  shed  and  the 
removal  therefrom  of  every  habitation  or  shelter  for  aian  or 
domestic  animal,  including  all  farm  and  village  constructions 
and  improvements,  and  to  restore  the  whole  area  to  a  state  of 
natural  wildness  and  savagery. 

The  following  objections  to  this  plan  seemed  practically 
insurmountable 

1st.  The  municipality,  with  a  present  population  of  130,000, 
has  already  expended  about  $4,000,000  in  the  construction  and 
extension  of  its  water  works. 

2d.  The  additional  cost  involved  in  the  purchase  of  the 
whole  water  shed  of  forty-two  square  miles  would  prove  enor- 
mously burdensome. 

3d.  The  purchase  of  the  valuable  improvements  and  con- 
structions in  the  village  of  Sprlngwater  would  further  add  to 
this  vast  cost. 

4th.  The  large  annual  taxation  on  so  large  a  freehold 
would  prove  an  onerous  burden,  as  it  could  hardly  be  expected 
that  the  courts  would  so  liberally  construe  the  laws  as  to  exempt 
it  from  taxation  when  acquired  solely  for  the  purpose  named. 

5th.  It  has  been  held  in  our  State  Courts  that  Henalock 
Lake  is  a  navigable  body  of  water,  and  therefore  open  to  be 
navigated  at  will  by  any  and  all  citizens  of  the  State,  for  the 
purpose  of  pleasure  or  profit,  no  matter  who  might  be  the  owners 
of  the  adjacent  lands,  so  that  access  to  the  lake  could  be  denied 
to  none. 

6th-  The  land  under  the  water  of  t  e  lake  is  claimed  by 
the  Poultney  estate,  a  foreign  owner,  and  it  is  doubtful  whether 
its  title  could  be  adversely  extinguished  for  such  a  purpose  under 
our  laws. 

From  the  foregoing  it  will  be  seen  also  that  a  purchase  of  a 
strip  of  land  a  few  hundred  feet  wide  around  the  margin  of  the 
lake  would  not  accomplish  the  desired  purpose. 

The  plan  for  the  accomplishment  of  this  purpose,  which 
was  finally  adopted,  may  be  briefly  stated  as  follows : 

The  Legislature  of  the  State  was  induced  to  pass  a  general 
act  entitled  "An  act  to  confer  upon  the  State  Board  of  Health 
power  to  protect  from  contamination,  by  suitable  regulations,  the 
water  supplies  of  the  State  and  their  sources." 

By  section  1  of  %aid  act  "The  State  Board  of  Health  is 
authorized  and  empowed  to  make  rules  and  regulations  for  pro- 
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tecting  from  contamination  any  and  all  public  supplies  of  potable 
waters  and  their  sources  within  the  State,"  &c. 

Section  3  provides  as  follows  :  "The  officer  or  board  having 
by  law  the  management  and  control  of  the  potable  water  supply 
of  any  municipality,  in  all  cases  where  said  municipality  derives 
its  water  supply  in  whole  or  in  part  from  any  subsoil  waters, 
springs,  streams,  lakes,  ponds,  reservoirs  or  other  waters,  con- 
cerning which  the  State  Board  of  Health  shall  make  any  rule  or 
regulation,  is  hereby  authorized  and  empowered  to  make  such 
inspection  of  the  sources  of  said  water  supply  as  said  officer  or 
board  may  deem  advisable,  to  secure  the  said  water  supply  from 
any  defilement,  and  to  ascertain  whether  or  not  the  rules  and 
regulations  made  by  the  State  Board  of  Health  are  complied 
with." 

Section  4  provides  that  in  case  such  inspection  discloses 
the  violation  of  any  of  said  rules,  the  officer  or  board  shall  serve 
a  notice  on  the  party  offending,  specifying  the  rule  or  regulation 
claimed  to  have  been  violated.  If  the  person  so  served  does  not 
immediately  comply  with  the  regulation,  the  officer  or  board 
shall  notify  the  State  Board  of  Health,  which  board  shall  ex- 
amine into  the  matter,  and  if  a  violation  is  found,  the  local  board 
of  health  shall  be  ordered  to  convene  and  enforce  the  regulation. 

Section  5  provides  that  in  case  the  local  board  of  health 
fails  to  enforce  the  order  within  ten  days  after  notification,  then 
the  corporation  furnishing  the  water  supply,  or  the  municipality 
deriving  its  water  supply'  from  the  waters  for  the  sanitary  pro- 
tection of  which  such  rules  have  been  made,  is  authorized  and 
empowered  to  maintain  an  action  in  a  court  of  record  against  the 
person  violating  the  rules  for  the  recovery  of  the  penalty  therein 
provided. 

Section  6  provides  that  "Every  person  who  shall  wilfully 
violate  or  refuse  to  obey  any  rule  or  regulation  made  and  pub- 
lished by  the  State  Board  of  Health  aim  approved  pursuant  to 
the  provisions  of  this  act,  shall  be  guilty  of  a  misdemeanor,  and 
on  conviction  thereof  shall  be  subject  to  a  fine  or  imprisonment, 
or  both,  at  the  discretion  of  the  court,  such  fine  not  to  exceed 
$300,  nor  such  imprisonment  six  months.  But  the  recovery  of  a 
penalty  in  a  civil  action,  as  provided  in  section  5  of  this  act  and 
criminal  prosecution  and  conviction  under  the  provisions  of  this 
section,  shall  not  be  had  for  the  same  offense." 

Section  7  provides  that  in  case  the  rules  require  the 
providing  of  some  public  means  of  removal  or  purific  ition  of 
sewage  the  municipality  or  corporation  owning  the  water  supply 
shall  pay  the  cost  thereof. 

Under  this  act  the  State  Board  of  Health  was  requested  to 
and  did  prepare  and  establish  rules  and  regulations  for  the 
sanitary  protection  of  the  waters  of  Hemlock  Lake,  the  public 
water  supply  of  the  City  of  Rochester. 

These  regulations  provide,  in  substance,  that  privies,  pig 
pens  and  barnyards  shall  not  be  located  over  or  adjacent  to  any 
stream,  spring,  or  dry  water  course  where  the  contents  thereof 
can  reach  the  same.  That  any  privy  situated  within  fifty  feet  of 
any  spring,  stream  or  dry  water  course,  or  ravine,  shall  be  con- 
structed without  a  vault,  and  shall  have  under  the  seats  water 
tight  receptacles  for  night  soil,  which  shall  be  frequently  re- 
moved, emptied,  cleaned  and  returned,  and  the  contents  buried 
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in  the  earth  in  such  a  manner  that  they  cannot  by  any  posBlbility 
reach  any  water  course  or  permanent  level  of  subsoil  water. 

No  manufacturing  waste  is  allowed  to  be  discharged  or 
drained  into  any  spring,  stream  or  dry  water  course  on  said 
water  shed. 

The  same  restriction  applies  to  the  depositing  of  dead 
animals,  birds,  fish,  decayed  fruit,  leaves,  sawdust,  roots, 
branches  or  trunks  of  trees  in  any  spring,  dry  water  course,  or 
Into  the  lake  itself.  The  washing  of  sheep  or  other  animals  In 
the  lake  or  any  of  its  tributaries  is  also  prohibited. 

The  provisions  relating  to  houses,  cottages,  tenements, 
tents  and  picnic  grounds  within  200  feet  of  the  shores  of  the  lake 
may  be  summarized  as  follows  :  Each  is  to  be  furnished  with  at 
least  one  privy  set  upon  the  surface  of  the  ground,  without  a 
vault,  and  so  constructed  that  metallic  pails,  fifteen  inches  high 
by  fourteen  inches  in  diameter,  can  be  placed  under  the  seats 
and  easily  removed  with  their  contents. 

The  occupants  are  required  daily  to  add  dry  loam  in  small 
quantities,  as  a  deodorizer  and  absorbent.  It  is  made  the  duty 
of  the  occupant  also,  to  provide  a  receptacle  for  dry  garbage  and 
to  carefully  place  the  same  therein.  All  slop  or  wash  water  to 
be  scattered  upon  the  surface  of  the  soil  at  a  distance  from  the 
lake,  or  any  ravine  or  water  course  and  the  points  at  which  said 
slops  are  deposited  to  be  frequently  changed. 

Animal  manures  from  stables  are  required  to  be  carefully 
deposited  in  tight  covered  receptacles  and  the  contents  thereof 
to  be  frequently  removed. 

The  City  of  Rochester  is  required  to  furnish  a  sufficient 
number  of  metallic  pails  for  the  use  of  each  necessary  privy 
■within  200  feet  of  the  lake  and  is  required  to  remove,  empty, 
cleanse  and  disinfect  the  same  as  often  as  is  necessary.  "When 
a  full  pail  is  removed  an  empty  one  is  to  be  supplied  in  its  place. 
The  pails  during  removal  are  to  be  provided  with  air-tight 
covers,  so  thai  no  odor  shall  escape. 

The  contents  of  the  pails,  together  with  the  dry  garbage, 
is  required  to  be  removed  by  the  city  to  a  point  below  the  foot  of 
the  lake  and  there  buried. 

As  soon  as  possible  after  these  rules  were  ordained  and 
sanctioned  by  the  County  Judge,  the  city  commenced  operations 
thereunder,  and  has  continued  the  same  since  that  date,  a  period 
of  three  years. 

In  practice,  the  night  soil  and  garbage  is  collected  and 
removed  to  the  foot  of  the  lake  by  means  of  a  broad,  flat  bot- 
tomed steamboat,  the  collections  being  usually  made  in  the  early 
morning. 

From  the  steamboat  landing  the  night  soil  and  garbage 
has  heretofore  been  transported  on  wagons  to  the  dumping 
ground,  which  is  a  plat  of  ground  owned  by  the  city  in  a  retired 
location  1,800  feet  below  the  foot  of  the  lake.  It  is  intended  soon 
to  construct  a  tramway   between  these  points,  so  that  the  trans- 

{)ortation  may  be  done  on  a  platform  car,  the  cans  being  un- 
oaded  directly  on  the  car. 

The  treatment  of  the  night  soil  and  the  garbage,  on  its 
arrival,  is  as  follows :  Narrow  trenches  are  excavated,  care 
being  taken  that  the  permanent  level  of  subsoil  water  shall  not 
be  reached,  and  the  contents  of  the  pails  are  deposited  therein 
in  thin  layers.    It  is  then  immediately  covered  with  dry  loam  to 
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a  depth  of  about  six  inches.  This  process  is  repeated  day  by 
day  until  the  trench  is  nearly  filled,  when  the  balance  is  rounded 
up' with  earth.  A  measurementof  the  location  of  these  trenches 
is  made  and  recorded,  the  surface  cultivated  and  cropped,  and 
after  a  suitable  period  the  same  land  may  be  again  used  for  a 
like  purpose.  A  trench  500  feet  in  length  has  proved  entirely 
sufficient  for  a  single  year's  operation  up  to  the  present  time, 
and  as  these  trenches  need  not  be  more  than  three  feet  apart,  it 
will  be  seen  that  but  a  small  area  need  be  provided  for  the 
purpose. 

The  cans,  as  fast  as  they  are  emptied,  are  taken  to  the 
sanitary  building,  which  is  provided  with  an  elevated  tank  tilled 
with  a  solution  of  copperas,  and  also  all  other  necessary  appliances 
for  washing,  cleansing,  deodorizing  and  drying  the  cans.  The 
cans  are  of  heavy  galvanized  iron,  and  are  thoroughly  coated, 
inside  and  outside,  with  a  coating  of  black  asphalt  varnish.  In 
the  cleansing  of  the  cans,  if  found  necessary,  other  and  more 
active  deodorizing  and  disinfecting  agents  are  employed. 

The  process  has  been  so  conducted  for  the  past  three  years 
that  all  local  prejudice  has  subsided  and  all  fears  as  to  possible 
offensive  odors  in  the  neighborhood  allayed.  In  the  sanitary 
building  and  about  the  grounds  no  ofTensive  odors  are  discern- 
able,  although  during  the  past  year  the  contents  of  nearly  6,000 
cans  were  thus  removed  and  treated. 

The  results  that  have  been  accomplished  thus  far  may  be 
briefly  stated  : 

A  great  proportion  of  the  residents  about  the  lake  have 
become  enthused  with  the  idea  of  keeping  their  grounds  in  the 
neatest  possible  condition  and  in  maintaining  the  sanitary  purity 
of  the  water  up  to  the  highest  standard.  Underbrush,  logs, 
limbs  of  trees  and  decaying  vegetable  growths  are  no  longer 
thrown  into  the  lake,  nor  allowed  to  litter  the  shores,  but  are 
carefully  collected  and  burned.  Privies,  pig-pens,  &c.,  away 
from  the  lake,  but  on  the  water  shed,  have  been  removed  from 
streams,  ravines  and  dry  water  courses  and  placed  under  such 
sanitary  regulations  and  espionage  as  to  render  them  unobjection- 
able. Thelocal  boards  of  health  have  become  interested  in  these 
questions  and  their  co-operation  secured.  Animals  which  die 
upon  the  water  shed,  and  decayed  putrescible  matter  of  all  kinds 
are  no  longer  discharged  into  the  nearest  ravine,  but  are  buried 
in  the  ground  a  distance  therefrom.  And  finally,  all  night  soil 
and  dry  garbage  produced  about  the  lake  is  collected  and  buried 
a  long  distance  below  the  lake. 

The  limits  of  this  paper  will  not  allow  me  to  enter  into 
further  details.  I  have  in  the  briefest  way  attempted  to  outline 
the  results  of  an  experiment  in  the  sanitary  protection  of  a  large 
water  shed  under  unusually  difficult  conditions. 

This  has  been  done  with  the  knowledge  on  my  part, 
derived  from  personal  observation  and  from  conversation  and 
correspondence  with  the  officers  in  charge  of  water  works  in 
varions  parts  of  the  country,  that  there  is  an  imminent  necessity 
for  the  sanitary  superintendence  and  protection  of  many  water 
sheds  all  over  the  continent.  The  plan  herein  briefly  described, 
or  one  somewhat  similar,  may  and  probably  should,  with  proj^er 
modifications  to  meet  varying  conditions,  be  applied  to  many  of 
the   sources  of  the  supply  of  potable    water  in  this  counlry. 
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"When  judiciously  adapted  and  applied,  it  can  be  operated  at 
comparatively  small  expense,  and  will  add  immensely  to  the 
sanitary  safety  of  the  water  supply. 

Allow  me,  in  conclusion,  to  suggest  that  this  plan  of  dis- 
posing of  night  soil  and  other  putrescible  matter,  is  nature's  own 
simple,  eflective  and  yet  most  wonderful  method,  and  that  the 
nearer  our  methods  coincide  with  her  beneficent  and  wonderful 
processes  the  more  surely  will  human  eflbi-t  be  crowned  with 
success. 

The  members  of  this  society,  perhaps  better  than  any  other 
class  of  men,  have  knowledge  of  the  fearful  rapidity  with  which 
the  natural  water  courses  of  the  country  are  being  fouled  and 
the  waters  rendered  unfit  for  potable  or  manufacturing  uses,  as 
well  as  made  potent  factors  in  the  dissemination  of  zymotic  dis- 
eases by  the  general  discharge  of  the  sewage  of  towns  and  cities 
into  the  nearest  streams.  The  result  of  this  practice  is  that  not 
only  the  large  cities,  but  even  small  towns,  are  required  to  seek 
remote  and  expensive  sources  of  water  supply,  when  abundant 
and  never  failing  supplies  of  water  are  flowing  through  or  near 
their  corporate  limits,  originally  of  unexceptionable  purity,  but 
now  become  the  sewage  carriers  of  every  city  and  village  along 
their  course. 

As  populations  multiply  and  the  demand  for  pure  potable 
water  increases,  shall  we  not  be  compelled  to  abandon  this  per- 
nicious system  and  return  to  and  copy  nature's  processes  for 
rendering  putrescible  substances  not  only  innocuous,  but  benefi- 
cent, by  employment  of  the  wonderful  chemical  and  assimilating 
properties  and  possibilities  of  our  Mothej  Earth  ? 

The  President: — Mr.  Tubbs  has  selected  a  subject 
that  is  intensely  interesting  to  many  of  us  I  presume. 
Perhaps  some  of  you  gentlemen  would  like  to  ask  him 
some  questions  and  discuss  his  opinions  ? 

Mr.  Denman  : — The  question  now  comes  to  me  what 
does  Rochester  do  with  her  sewage  ? 

The  President  : — Will  Mr.  Tubbs  please  inform  us, 
and  give  us  also  some  description  of  the  persons  about  the 
Lake  whom  you  have  taken  care  of  in  connection  with  the 
matter;  the  length  of  the  Lake  from  shore  to  shore.  I 
think  we  would  be  glad  to  know  more  definitely  about  this. 

Mr.  Tubes  : — As  to  what  is  now  done  with  the 
sewage,  it  is  discharged  out  onto  farming  lands  in  the 
country.  Rochester  has  no  definite  plan  of  sewerage  I 
am  sorry  to  say.  It  is  moving  in  this  direction.  A  com- 
petent engineer  is  now  engaged  and  for  six  months  or 
more  has  been  at  work.  The  gentleman  does  not  have  a 
general  plan,  or  I  should  say  I  am  not  in  his  confidence  to 
enable  me  to  say  what  he  will  recommend,  but  I  suppose 
it  is  some  combination  of  discharge  sewers.  We  have  a 
river  running  through  the  center  of  our  city  into  which. 
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8ome  of  our  sewers  empty,  and  during  the  dry  weather 
becomes  highly  oflfensive,  but  when  there  is  water  enough 
to  properly  carry  it,  it  passes  out  of  the  mouth  of  the  river 
eix  or  seven  miles.  We  have  now  an  extensive  summer 
resort  where  thousands  of  our  people  go  every  day  to 
enjoy  themselves  on  the  river,  so  it  will  be  impossible  to 
discharge  this  sewage  into  the  river  any  longer ;  it  is  that 
which  compels  this  action.  We  have  decided  on  no 
system  as  yet,  but  we  are  moving  towards  a  comprehen- 
sive one. 

Now,  as  to  the  disposal  of  the  people  about  Hemlock 
Lake.  It  is  about  seven  miles  long.  There  is  a  bluff,  or 
rather  broken  points  running  out  to  a  level  plateau.  Along 
this  whole  plateau  are  cottages,  sometimes  in  clusters  of 
half  a  dozen,  so  that  we  practically  extend  from  the  foot 
to  the  head  of  the  Lake ;  three  miles  above  is  Springwater 
with  a  population  of  about  six  hundred.  These  people 
when  they  first  went  there  from  the  city  and  commenced 
taking  this  water  found  the  utmost  carelessness  prevailing 
as  far  as  the  inhabitants  were  concerned,  dead  animals, 
hen-houses,  privies,  all  put  over  the  water  course.  All 
that  has  been  changed  under  the  operation  of  this  rule 
which  I  have  referred  to. 

The  President: — I  would  like  to  inquire  if  there 
are  summer  resorts  and  excursions  on  this  Lake  ? 

Mb.  Tubes: — Yes,  sir,  from  three  to  five  small 
steamers  jjly  to  and  from  the  picnic  grounds  and  for  use  of 
pleasure  parties.  Under  our  control  we  have  a  steamboat. 
We  have  heretofore  let  out  by  contract  the  hauling  of  the 
night-soil  by  steamboat,  under  the  control  of  a  man  in  the 
employ  of  the  city.  This  year  we  have  constructed,  or 
are  about  constructing  a  steamboat  and  dryer  and  all  will 
be  done  by  the  city  employes. 

This  steamboat  wUl  be  manned  by  the  city  and  owned 
by  the  city.  The  men  will  go  about  and  see  that  every- 
thing is  done  properly.  Tne  sewage  inspector  will  pass 
over  this  water-shed  constantly  looking  after  its  condition, 
aoad  of  things  outside  of  the  Lake  itself. 

The  President  : — Does  anyone  wish  to  remark 
further  or  to  ask  any  further  questions  ? 

Mb.  Denman  : — This  question  I  consider  of  the 
utmost  importance.  It  is  easy  enough  to  protect  our  own 
water  and  send  our  filth  down  to  our  neighbor.  I  am  not 
charging  Mr.  Tubbs  with  this.  I  presume,  however,  the 
same  care  is  not  exercised  in  the  protection  of  the  whole 
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Genesee  Eiver  as  it  is  in  Hemlock  Lake.  In  oilier  words 
it  is  not  exercised  for  the  people  below  as  it  is  for  the  people 
in  Rochester.  Unless  there  has  been  a  change,  a  radical 
change  there  in  a  few  years,  such  is  the  case,  and  it  arises 
I  suppose  out  of  the  very  nature  of  the  case.  It  is  not 
easy  to  control  a  large  city  like  Rochester  in  these  matters. 

I  have  recently  been  at  Evanston,  Ills.  I  said  to 
the  people  :  "Where  do  you  get  your  water  ?"  "From  the 
Lake,-'  they  said.  "^Yhere  do  you  run  the  sewage  ?" 
"Right  into  the  Lake."  "There  is  a  crib  a  very  short  dis- 
tance out  in  the  Lake,  don't  you  get  the  return  of  all  this  ?" 
They  replied,  "Xo,  sir,  because  we  know  that  the  current 
always  sets  down  towards  Chicago."  That  is  always  the 
way  up  there ;  simply  get  the  tilth  from  your  own  door 
yard.  Everybody  is  familiar  with  the  City  of  Chicago  in 
that  respect.  We  have  a  representative  from  there,  I 
believe,  or  I  possibly  would  not  express  myself  so  freely. 
I  have  l3een  greatly  benefitted  in  this  sanitary  matter,  in 
the  disposition  of  the  contents  of  the  privies,  by  the  read- 
ing of  a  newspaper  which  is  published.  The  Sanitary  Era, 
and  for  the  first  time  in  making  some  improvements  about 
my  house  I  tried  the  plan  that  they  had  published  by  the 
using  of  earth  in  the  closet,  very  much  upon  the  plan  that 
Mr.  Tubbs  has  spoken  of,  in  using  pails  of  sand,  but  the 
tub  put  in  the  privy  was  large  enough  for  a  horse  to  draw. 

Xow,  I  want  to  say  to  the  gentlemen  here  that  have 
been  troubled  with  an  old  privy — and  every  homestead 
almost  has  such  a  thing — try  that ;  give  a  fair  test  and  use 
it  freely,  and  leave  it  until  the  proper  time  comes  and  you 
Avill  be  astonished  at  the  results.  You  will  never  dig 
another  hole  as  long  as  you  live ;  you  will  never  do  without 
a  tub  as  long  as  you  live. 

Mr.  Diven: — I  would  like  to  ask  Mr.  Tubbs  how  he 
controls  these  people  on  the  stream  that  are  out  of  the 
city  ?    I  did  not  hear  your  paper. 

Me.  Tubes  : — We  had  a  general  Act  passed ;  perhaps 
I  might  say  that  I  drew  this  law  very  largely.  It  is  a 
general  act  covering  the  water-sheds  in  the  State  of  Xew 
York,  and  simply  on  application  the  State  Board  of  Health 
are  authorized  to  make  rules  and  regulations  covering 
water-sheds. 

Mk.  Diven  : — I  would  like  to  ask  Mr.  Tubbs  what  is 
the  actual  annual  cost  of  this  sanitary  process  ? 

Me.  Tubes  : — Heretofore  it  has  cost  Fifteen  Hundred 
Dollars  per  year,  but  we  have  been  adding  to  our  plant  all 
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the  time ;  perhaps  now  Nineteen  Hundred  Dollars.  "We 
are  now  constructing  a  steamboat  to  run  on  the  Lake, 
costing  perhaps  Five  Thousand  Dollars.  That  is  for  the 
plant,  though.  I  think  that  the  actual  operating  expenses 
would  be  from  Twelve  to  Fifteen  Hundred  Dollars  per  year. 

Mr.  Dunham  : — I  would  like  to  ask  if  the  twelve 
or  fifteen  hundred  dollars  includes  the  amounts  paid  for 
covering  the  trenches — everything  ? 

Mr.  Tubes  : — Yes,  sir. 

The  President  : — Will  anyone  remark  further  on 
this  subject? 

Mr.  Tubes  : — I  wish  to  say  I  heartily  concur  with 
the  gentleman's  remarks  (Mr.  Denman),  when  he  said  we 
did  not  have  very  much  respect  for  our  neighbors  ;  that  is 
true. 

Me.  Denman  : — I  did  not  say  that. 

Mr.  Tubes  :— It  is  a  truth,  nevertheless,  which  applies 
to  Kochester  as  well  as  anywhere  else.  I  do  insist  that 
any  village,  any  town  desiring  to  avail  itself  of  this  General 
Act  may  do  so,  and  if  we  are  fouling  this  water  on  the 
water-shed,  the  Board  of  Health  have  the  power  to  make 
us  abandon  this  project.  I  shall  recommend  and  hope 
that  you  may  protect  your  water  by  legislation  in  some 
such  way  in  the  different  States  you  represent.  If  you 
can  induce  the  Legislature  to  pass  a  similar  law,  you  may 
protect  your  water-shed  in  a  similar  way.  Some  other 
officer  or  board  may  perform  the  duties  assigned  to  our 
State  Board  of  Health. 

Mr.  Darling: — I  suppose  the  l^ew  England  way 
would  be  the  only  way  to  protect  your  water.  I  suppose 
you  never  waste  here ;  don't  have  to  make  any  protection, 
but  I  found  that  the  question  extended  all  over  the 
country  and  coming  here  I  find  you  have  the  same  disease 
that  we  have  in  New  England.  It  is  only  the  be- 
ginniDg  of  the  greatest  question  we  have  in  this 
country.  Fifty  years  from  now  I  predict  that  this  will 
be  one  of  the  greatest  questions  that  will  be  contended 
with  in  this  country ;  the  question  of  pure  water.  The 
study  of  adulteration  of  the  lakes  and  large  streams  is 
one  of  the  great  questions  of  the  coming  time,  and  I 
believe  it  is  the  duty  of  ourselves  as  Superintendents  of 
Water  Works  to  try  the  projects,  obtain  the  best  results 
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and  begin  it  at  the  present  time.  I  think  we  should  look 
ahead  when  somebody  that  follows  us  will  provide  for 
that  time. 

The  President  : — Several  of  our  States  have  taken 
legislative  action  in  regard  to  their  water  supply,  and 
Massachusetts  has  taken  more  pains  than  any  other  State. 
It  has  a  Commissioner  to  whom  all  matters  are  reported. 
Each  of  the  towns  that  have  a  system  of  sewerage  have  to 
report  to  him,  and  if  any  nuisances  they  are  brought  to 
this  Commissioner.  If  we  have  any  member  here  from 
Massachusetts  that  could  give  us  any  information  on  that 
subject  we  shail  be  glad  of  it. 

Mr.  DARLiNa : — While  I  am  not  from  that  State, 
that  question,  of  course,  has  been  seen  in  the  working  of 
our  New  England  Association.  Every  manager  of  water 
works  is  required  to  furnish  samples  of  the  water  that  they 
use  in  their  works  to  these  Commissioners  and  the  analysis 
is  given,  and  we  expect  soon  to  get  a  final  report  in  regard 
to  it.  They  have,  as  you  say,  probably  taken  more  pains 
than  any  other  State  and  it  has  laws  more  stringent  than 
others  and  the  result  will  be  very  beneficial.  There  can 
be  no  doubt  about  that. 

Mr.  Dunham  :— I  might  add  to  what  Mr.  Darling 
has  just  stated.  In  sending  out  for  samples  of  water  to 
all  superintendents  they  send  not  only  once  or  twice  a 
year,  but  every  month,  for  the  past  year  or  so  they  have 
been  sending  out  bottles  requesting  their  return  for  the 
analysis.  They  have  an  appropriation  of  about  thirty 
thousand  dollars  for  that  purpose. 

The  President  : — If  no  one  else  wishes  to  speak 
further  on  this   question,  the  next   on  our  regular  pro- 

framme  will  be  a  paper, — "The  use  of  Salt  Glazed  Vitrified 
Ipe,"  by  our  brother  Mr.  S.  E.  Babcock. 


THE    USE  OF   SALT  GLAZED    VITRIFIED    PIPE  IN 
WATER   WORKS  CONDUITS. 


It  having  been  my  lot  to  construct  two  quite  extensive 
systems  of  gravity  water  works  within  the  last  six  years,  one  at 
Amsterdam,  New  York,  costing  $285,000,  and  the  other  at  Little 
Falls,  New  York,  on  which  I  am  now  engaged,  costing  $300,000. 
and  in  both  cases  the  source  of  supply  being  so  far  distant  that 
the  use  of  cast  iron  pipes  for  conduits  would  have  rendered  the 
construction  on  the  gravity  plan  almost  practically  prohibitory, 
as  the  additional  cost  would  have  placed  too  heavy  a  burden 
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on  the  tax-payers — at  least  they  would  have  fancied  so — my 
attention  was  called  to  the  use  of  salt-glazed  vitrified  pipe  as  ar 
substitute  for  iron  ;  as  also  in  rebuilding  the  conduit  at  Johns- 
town, X.  Y.,  which  was  done  during  the  time  stated.  In  each 
case  I  have  successfully  constructed  the  conduit  of  vitrified  pipe, 
and  all  of  them,  to  this  date,  have  not  required  one  dollar's 
repairs,  but  are  actually  in  the  same  condition  as  when  laid,  all 
having  been  in  constant  use  from  date  of  completion. 

I  have,  therefore,  thought  that  a  proper  description  of  the 
method  of  construction  might  be  of  service  to  some  of  the 
members  of  this  association,  should  they  be  called  upon  to  design 
a  conduit  in  similar  localities. 

I  will  first  give  a  brief  description  of  the  alignment  and 
grades  of  the  Amsterdam  and  the  Little  Falls  conduits. 

DESCRIPTION   OF   AMSTERDAM   COSDUIT. 

The  water  supply  at  Amsterdam  is  six  miles  distant  and 
consists  of  three  small  mountain  streams  which  I  successfully 
diverted  by  vitrified  pipe  conduits  and  open  channels  into  one. 
From  this  point  I  brought  them  across  the  country  to  the  channel 
of  a  summer  dry  stream,  upon  which,  at  a  point  near  the  city,  I 
built  a  combined  storage  and  distribution  reservoir.  The  three 
mountain  streams  were  known  as  the  AfcQueen  and  Rogers 
streams,  and  the  dry  stream  as  Bunn  creek.  There  are  two  in- 
tervening ridges,  or  divides,  between  McQueen  and  Bunn  creeks, 
necessitating  heavy  cutting  to  divert  the  water. 

McQueen  creek  is  dammed  by  a  substantial  masonry 
structure  at  a  point  just  below  the  junction  with  the  West 
Branch,  the  dam  being  4  feet  high  ;  the  channel  of  McQueen 
creek  was  widened  and  deepened  for  about  1,000  feet  back  ;  a 
new  open  channel  or  reservoir  was  excavated  in  directioa  of  line 
to  Bunn  creek  for  about  800  leet,  and  until  the  excavation  repre- 
sented a  cut  of  seven  feet,  to  allow  a  sufficient  depth  of  soil  to 
cover  the  conduit  and  protect  the  same  from  frosts.  At  this 
point  of  termination  of  open  channel,  a  substantial  masonry 
inlet-chamber  was  designed  and  constructed,  havine  suitable 
iron  racks  and  fine  screens,  with  bulkhead  gate  to  shut  down 
the  water.  From  this  point  a  vitrified  salt-g-Iazed  pipe  conduit 
18  inches  in  internal  diameter,  has  been  laid  to  a  suitable  point 
to  empty  the  water  of  Rogers,  West  Branch  and  McQueen  creeks 
into  Bunn  creek.  The  pipe  is  of  the  pattern  kn  -wn  as  the  hub 
and  spigot,  and  is  laid  with  Portland  cement  joints  The  conduit 
is  laid  upon  the  true  hydraulic  grade  line,  excepting  two  or  three 
points  of  depression,  where  it  has  been  necessary  to  depress  from 
one  lo  two  feet  to  admit  of  sufficient  coverina:  of  soil  over  the 
pipe  without  changing  or  embanking  up  above  the  original 
surface  of  the  ground.  The  conduit  is  laid  to.  a  <rrade  with  a 
total  fall  of  18  14-100  feet  for  103H1  Ceet.  From  thi"  point  the 
surface  of  the  ground  is  precipitous  in  direction  of  Bunn  creek, 
having  passed  now  through  the  second  divide,  and  a  twelve-inch 
vitrified  conduit  is  laid  down  to  the  channel  of  Bunn  creek  with 
a  fall  of  38  feet  in  1,000  feet.  The  conduit  has  a  capacity,  when 
running  full,  of  2,851,300  gallons  per  diem,  being  in  excess  of  the 
amount  which  may  be  expected  from  the  Rogers,  West  Branch 
and  McQueen  creeks.  Rogers  creek  is  dammed  up  by  a  similar 
masonry'  structure  four  feet  high  ;  the  water  is  then  diverted  and 
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carried  easterly  lu  au  open  channel  through  about  1,000  feet  of 
low  undulating  ground  to  the  westedge  of  a  road.  At  this  point 
a  masonry  inlet-chamber,  similar  to  the  one  on  McQueen  creek, 
is  constructed,  and  the  water  is  passed  through  a  15-inch  vitrified 
salt-glazed  pipe  conduit  1,500  feet  long,  emptying  Into  an  open 
water  channel  of  the  West  Branch.  The  water  of  Rogers  creek 
then  passes  down  the  channel  of  the  West  Branch,  and  both 
empty  into  McQueen  creek  at  a  point  above  the  dam  upon  the 
same.  From  the  end  of  vitrified  pipe  conduit  on  Bunn  creek, 
the  water  flows  in  the  open  channel  of  Bunn  creek  two  miles  to 
the  storage  and  distribution  reservoir  of  100,000,000  gallons 
capacity. 

DESCRIPTION   OF   LITTLE    FALLS    CONDUIT. 

The  conduit  at  Little  Falls  is  a  much  more  elaborate  affair. 
The  water  supply  is  a  mountain  stream  known  as  Beaver  creek. 
It  lies  due  north  from  the  village  of  Little  Falls,  and  is  distant 
about  eleven  miles  by  road  from  Main  street  or  center  of  the 
Tillage.  .  • 

Beaver,  as  well  as  Spruce  creek,  into  which  it  empties  near 
the  point  of  diversion,  is  a  tributary  of  East  Canada  creek  :  the 
line  of  Beaver  creek  runs  about  due  east.  The  ground  lying 
between  Beaver  and  Spruce  creeks  and  Little  Falls  is  depressed 
by  two  streams,  Gillet  and  Cathaticane,  or  Crum  creek,  both 
running  southeasterly,  Gillett  creek  emptying  into  East 
Canada,  and  Cathaticane,  or  Crum  creek,  into  the  Mohawk  river, 
and  dividing  the  intervening  ground  about  equally  into  four 
sections,  or  two  divides  and  two  basins  or  depressions. 

I  have  utilized  vitrified  salt-glazed  stone- ware  pipe  wherever 
I  could  locate  the  lines  to  a  hydraulic  grade  line,  or  line  of  no 
press-ure,  and  in  the  two  depressions  or  valleys  where  the  conduit 
is  under  pressure,  substituted  cast  iron  pipe,  crossing  the  same 
up  to  the  ground  called  for,  by  hydraulic  grade  line  of  no 
pressure,  produced. 

Beaver  creek  is  dammed  by  a  substantial  masonry  structure 
at  the  point  of  divergence.  The  dam  has  a  spill-way  50  feet 
wide  and  floods  0.75  of  an  acre.  The  dam  is  six  feet  high  ;  the 
south  abutment  of  the  dam  is  formed  into  a  receiving  chamber 
and  inlet  of  conduit  line,  and  is  provided  with  a  movable  inlet 
weir,  which  may  be  raised  or  lowered  to  allow  any  quantity  of 
water  up  to  the  capacity  of  conduit  to  flow  into  the  chamber  and 
thence  into  the  conduit ;  the  saddle  of  the  dam  is  two  feet  above 
the  top  of  conduit.  The  water  starts  off  from  the  receiving 
chamber  in  a  20  in.  iron  conduit  pipe  for  fifty  feet,  to  take  the 
first  shock  off  the  water  acquiriu":  its  velocity  ;  it  is  thence  con- 
tinued with  20  in.  vitrified  salt-glazed  stone  ware  pipe  for  10,000 
feet  grade  eight  feet  to  the  mile,  the  line  following  the  contour  of 
the  ground  required  to  give  the  necessary  fill  on  top  of  pipe  to  pro- 
tect the  same,  and  to  insure  its  lying  in  natural  and  not  artificial 
ground.  Here  a  heavy  sand  cut  is  encountered  for  about  1,000 
feet.  From  this  point,  as  a  heavier  grade  can  now  be  given,  18 
in.  vitrified  pipe  begins  and  continues  9,400  feet,  grade  13  feet  to 
the  mile,  to  the  edge  of  the  basin  of  Gillett  creek  ;  from  here  the 
line  is  continued  with  an  18  in.  cast  iron  pipe  6,200  feet  long, 
"which  follows  along  surface  or  contour  of  the  depression   of 
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Glllett  creek,  rises  up  to  the  southerly  side  of  said  depression, 
and  ends  at  a  point  at  which  the  hydraulic  grade  line  produced 
would  give  natural  ground  to  start  off  with  vitrified  pipe  again- 
Vitrified  pipe  starts  here,  18  in.  diameter,  and  is  carried 
along  on  the  hydraulic  line  to  the  beginning  of  the  depression  of 
Cathaticane,  or  Crum  creek,  9,100  feet.  From  this  point  16  in. 
iron  pipe  9,400  feet  long,  grade  32  feet  to  the  mile,  is  used 
across  the  depression  and  up  to  the  top  of  divide,  the  southern 
Bhed  of  which  runs  to  the  village  of  Little  Falls.  From  this 
point  15  in  vitrified  pipe  is  again  used  for  900  feet,  grade  79  feet 
to  the  mile ;  then  12  in.  vitrified  pipe  is  used  for  1,000  feet,  grade 
105  feet  to  the  mile;  the  conduit  proper  stops  here,  a  total 
distance  of  8  72-100  miles. 

SPECIFICATIONS   FOB  PIPE. 

The  essential  points  in  the  specifications  for  the  salt-glazed 
pipe  which  I  adopted  are  as  follows : 

Little  Falls  Water    Works— Specifications  for  Salt- 
Glazed  Vitrified  Pipe. 

The  pipe  shall  all  be  of  the  best  quality  of  salt-glazed 
vitrified  stone  ware  pipe.  All  shall  be  of  the  kind  known  as 
"hub  and  spigot." 

The  pipe  shall  have  a  thickness  of  one  twelfth  the  diame- 
ter of  the  pipe.  (This  it  will  be  observed,  is  heavier  than  the 
ordinary  commercial  pipe.) 

The  hubs  or  sockets  shall  be  three  inches  deep  to  the  main 
pipe.  (At  Amsterdam  I  used  the  ordinary  depth  of  sockets, 
which  is  two  and  one  quarter  inches,  but  at  Little  Falls  increased 
the  depth  to  three  inches,  my  experience  convincing  me  that  the 
increase  would  make  easier  and  more  satisfactory  work.)  All 
hubs  or  sockets  must  be  of  sufficient  diameter  to  receive  to  their 
full  depth  the  spigot  end  of  the  next  following  pipe,  without 
any  chipping  of  either  pipe,  and  shall  have  a  space  or  joint 
room  of  not  less  than  three  eighths  of  an  inch  in  width  all 
around  for  the  cement  mortar  joint. 

All  pipes  supplied  shall  be  moulded  under  pressure,  and 
the  socket  of  every  pipe  shall  be  pressed  on  or  formed  with  the 
body  of  the  pipe,  and  care  shall  be  taken  that  the  sockets  are 
truly  concentric  with  the  pipes.  All  pipes  shall  be  cylindrical, 
and  the  spigot  end  of  every  pipe  shall  fit  into  the  socket,  leaving 
the  thickness  of  joint  not  less  than  that  specified.  Five  per 
cent  will  be  the  allowable  inspection  divergence  of  the  greatest 
from  the  least  internal  diameter,  in  departing  from  a  true  cylin- 
drical cross  section. 

The  pipes  shall  be  well  glazed  all  over.  All  pipes  not  well 
or  uniformly  glazed  will  be  rejected.  All  pipes  not  perfectly 
burned  will  be  rejected.  All  pipes  having  any  fire  cracks  which 
the  engineer  of  said  water  works  shall  consider  injurious,  shall 
be  condemned  and  their  places  supplied  by  other  pipes. 

All  pipes  having  transportation  cracks  shall  be  peremptorily 
rejected. 

All  pipes  having  blisters  which  the  engineer  of  said  water 
works  shall  consider  injurious,  shall  be  condemned  and  their 
places  supplied  by  other  pipes. 

All  pipes  having  excresences  or  iron  pimples  in  the  Interior 
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of  the  pipe,  which  in  the  opinion  of  the  engineer  aforesaid  may 
impede  the  flow  of  water,  shall  be  rejected  and  their  places 
supplied  by  other  pipe. 

All  pipe  not  thoroughly  vitrified  or  fused,  or  which  betrays 
the  use  of  improper  materials  or  methods  in  its  manufacture, 
•hall  be  rejected. 

If  a  piece  be  broken  out  of  the  rim  forming  the  hub  or  socket 
of  a  pipe,  it  shall  be  rejected,  if  the  length  of  said  broken  piece 
is  greater  than  one  tenth  of  the  diameter  of  the  pipe,  measured 
on  the  inside  face  of  the  hub  or  socket ;  provided,  however,  that 
the  body  of  the  pipe  shall  be  perfect  and  without  breaks  or  cracks. 

If  a  piece  be  broken  out  of  the  socket  end  of  a  pipe  which 
shall  extend  over  one  inch  into  body  of  pipe,  to  sound  pipe,  or 
shall  be  greater  in  length  than  one  tenth  of  the  diameter  of  the 
pipe,  the  pipe  shall  be  rejected,  and  two  or  more  such  breaks, 
either  of  socket  or  spigot,  shall  condemn  such  pipe,  even  if  both 
are  under  the  area  designated. 

SPECIFICATIONS  FOR  PIPE  LAYING. 

The  method  of  laying  the  pipe  appears  by  the  following 
specifications  : 

The  excavations  in  conduit  trench,  both  iron  and  vitrified 
pipe,  shall  be  made  to  the  lines  and  grades  to  be  given  by  the 
engineer  from  time  to  time,  and  in  such  manner  and  to  such 
widths  as  will  give  ample  room  for  building  the  structures  they 
are  to  contain. 

The  conduit  will  be  laid  to  true  grade  from  end  to  end  of 
each  section  of  vitrified  pipe.  The  cast  iron  portion  of  conduit 
shall  be  laid  to  conform  to  the  contour  of  the  ground  where  laid, 
and  trench  shall  be  of  such  depth  as  to  require  a  back  fill  of  3J 
feet  on  top  of  pipe  when  laid. 

The  joints  of  the  vitrified  pipes  shall  be  made  of  Portland 
cement  mortar,  in  combination  with  gaskets  of  clean,  sound 
hemp  yarn  or  jute,  braided  or  twisted,  and  tightly  driven,  as 
follows  : 

Each  length  or  strand  of  the  jute  shall  be  of  a  diameter  to 
loosely  fill  the  width  of  joint,  and  shall  be  thoroughly  soaked  in 
a  Portland  cement  mortar,  made  of  a  thick  paste  of  clean  cement 
and  water,  and  shall  be  of  a  length  to  go  once  around  the  circum- 
ference of  the  pipe  and  lap  over  two  to  three  inches.  This  shall 
be  driven  home  with  caulking  tools,  and  shall  be  succeeded  by 
a  sufficient  number  of  strands  to  fill  the  joint-room  to  within  one 
half  an  inch  of  the  outside  of  bell,  breaking  joints  with  the  laps. 
All  driven  home  and  thoroughly  jointed  together.  The  joint 
shall  then  be  finished  by  filling  the  remaining  one  half  inch  of 
joint-room  with  a  clear  Portland  cement  mortar,  the  joint-room 
when  finished  being  completely  filled  all  around  the  pipe  to  the 
outside  lines  of  the  bells. 

The  contractor  will  furnish  the  pipe  layer  with  a  bag, 
stuffed  with  shavings  or  hay,  of  a  size  sufficient  to  fit  the  pipe, 
rather  tightly,  with  a  rope  about  ten  yards  in  length  fastened 
at  one  end  to  the  mouth  of  the  bag. 

The  bag  must  be  placed  in  the  first  pipe,  the  rope  passing 
through  each  pipe  as  it  is  laid  down.  After  the  joints  are  made, 
the  bag  Is  then  to  be  drawn  forward  at  such   times   before  the 
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cement  has  set  as  to  smooth  off  and  produce  a  true  surface  at 
each  cement  joint  and  a  continuous  thin  coating  of  cement  on  the 
lower  half  of  the  pipe. 

In  refilling-  the  trenches,  the  earth  shall  be  carefully  packed 
and  rammed  with  proper  tools  (or  the  purpose.  Care  shall  be 
taken  to  give  the  pipe  a  proper  bearinof  throughout  the  entire 
length.  The  earth  filling  above  the  pipe  shall  be  sufficiently 
packed  and  rammed  to  preveut  after  settlement,  and  puddled 
to  the  satisfaction  of  the  engineer  when  so  directed. 

In  rock  excavation,  the  material  around  the  pipe  and  for 
1^  feet  above  the  same  shall  be  earth,  free  from  stone  or  rock 
fragmeuts.  The  balance  of  the  trench  may  be  filled  with  such 
portion  of  the  rock  excavation  as  shall  measure  not  more  than 
one  cubic  foot,  provided  a  sufficient  amount  of  earth  be  mixed 
with  the  same  to  bond  it  together  like  a  mortar,  and  if  necessary 
suitable  material  satisfactory  to  the  engineer  shall  be  borrowed 
to  make  said  filling. 

For  the  first  hundred  feet  from  the  receiving  chamber  the 
pipe  shall  be  bedded-  in  a  wall  of  mortar  extending  all  over  the 
bottom  of  the  trench  and  extending  up  to  pass  the  center  of  the 
pipe,  filling  the  trench  completely  up  to  this  point.  The  object 
and  intent  of  this  being  to  prevent  an  under  leakage  at  the 
beginning  or  receiving  chamber  end  of  the  conduit. 

In  order  to  secure  a  natural  bed  for  each  pipe,  the  con- 
tractor will  cause  the  trench  to  be  excavated  down  to  such  depth 
as  the  engineer  shall  direct,  by  the  regular  trench  gang,  to  be 
followed  up  by  a  trained  gang  to  dig  the  additional  depth,  just 
to  grade  as  fast  as  the  pipe  is  laid. 

Having  now  in  detail  described  the  method  of  laying  out 
and  constructing  the  vitrified  pipe  conduits,  I  submit  the  follow- 
ing remarks  on  the  durability  and  cost  as  compared  with  a  cast 
iron  conduit  of  equal  capacity,  using  the  Little  Falls  conduit  as 
the  basis  of  comparison,  that  being  the  more  elaborate  and  diffi- 
cult construction,  as  also  introducing  the  feature  of  substituting 
cast  iron  pipe  in  the  intermediate  sections  where  pressure  in  the 
pipe  is  encountered. 

DURABILITY  OF   VITRIFIED  PIPE. 

That  sound  vitrified  pipe  is  itself  durable  would  seem 
hardly  worth  devoting  much  time  to  demonstrate.  Sewers  built 
of  it  have  been  unearthed  in  the  excavation  of  Pompeii  and 
Herculaneum,  which  cities  were  destroyed  by  an  eruption  of 
Vesuvius,  A.  D.  79. 

REV.  F.  S.  DE  HASS,   LATE   U.   S.    CONSUL  TO  JERUSALEM,  PALES- 
TINE,   WRITES  : 

"Vitrified  Clay  is  among  the  most  durable  materials  known. 
While  the  Marble  palaces,  temples  and  tombs  of  Rome  and 
other  ancient  cities  have  crumbled  to  dust,  those  built  of  brick 
remain  almost  perfect.  The  use  of  Terra  Cotta  for  images,  orna- 
ments, drain  pipes,  coffins  and  vessels  of  different  kinds,  dates 
back  to  the  remote  ages.  Sewers,  and  tiling  used  in  construction, 
have  been  found  in  Pompeii,  Troy  and  Ninevah,  also  in  Ur  of 
the  Chaldees,  the  home  of  Abraham,  and  the  oldest  cities  in  the 
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■world.  Here  it  was  in  general  use,  and  the  tombs  are  drained 
with  clay  pipes  as  sound  as  when  laid  in  the  ground  4,000 
years  ago. 

"The  coffins  also  are  of  the  same  material,  and  of  different 
shapes,  sorae  like  caskets  with  lids  and  others  round  like  bottles, 
which  M'ere  sealed  up  after  the  corpse  was  inserted;  and  there 
they  are  by  thousands  at  the  present  time,  sound  as  when  they 
came  from  the  potters'  hands.  Nothing  is  now  known  more 
lasting  than  Terra  Cotta." 

Whether  the  ancients  used  salt  to  glaze  their  pipes  with, 
does  not  appear,  but  that  it  adds  to  the  durability  of  the  pipe 
the  following  description  of  the  process  of  glazing  will  make 
manifest : 

Salt-glazed  pipes  are  necessarily  made  from  good  clay, 
which  will  stand  a  great  degree  of  heat.  The  pipes,  after  being 
made  and  dried,  are  placed  in  a  close  kiln  and  gradually  subjec- 
ted to  an  intense  heat.  When  this  heat  is  of  sutKcient  intensity, 
coarse  salt  is  thrown  upon  the  fire  in  small  quantities ;  a  portion 
of  the  salt  vaporizes  ;  which  vapor,  combining  with  the  silica  of 
the  clay,  produces  a  soda-salt  or  glass,  which  is  a  glaze  and  is  a 
part  of  the  body  of  the  pipe.  It  requires  good  clay  to  endure 
heat  of  sufficient  intensity  to  vaporize  the  salt,  and  this  heat  is 
so  great  that  the  pipes  are  thoroughly  vitrified  and  very  hard, 
and  glazed  inside  and  out. 

DURABILITY   OF    CONDUIT    AS   LAID. 

As  the  Conduit  as  laid  upon  my  plan,  1.  e.,  laying  the  pipe 
to  the  hydraulic  grade  line  required  to  discharge  the  amount  of 
water  needed,  will  always  be  a  line  of  no  pressure,  conditions 
precisely  similar  to  the  ordinary  sewer  as  laid,  there  can  be  no 
tendency  to  rupture  or  break'  of  any  kind  due  to  the  water 
passing  through  the  conduit,  and  the  only  dan>rer  to  be  appre- 
hended is  from  an  external  pressure  crushing  the  pipe,  or  to  an 
unequal  bearing  or  settlement  of  the  conduit.  The  following 
tests  show  the  strength  of  the  pipes  to  resist  external  pressure  : 

Tests  made  by  Mr.  A.  V.  Abbot,  Engineer,  New  York.  A 
wooden  box  was  made  large  enough  to  receive  the  pipe  and  allow 
from  two  to  three  inches  of  sand  to  be  packed  in  at  the  sides, 
giving  the  pipe,  as  near  as  possible,  the  position  it  would  occupy 
when  laid  in  the  earth.  The  pressure  was  then  put  on  top  of  the 
pipe,  with  the  following  results— average  of  two  pieces  each  size 
— each  piece  being  twenty-four  inches  long : 

DIAMETER.  THICKNESS.  CRUSHED  AT 

18  inches.  U  inches.  14,233  lbs. 

15      "  1}      "  24,030  " 

12      "  1         "  11,540  " 

6       "  i        "  28,065  " 

Again,  the  fact  is  that  in  deep  cuts  the  filling  over  the  pipe 
is  partially  supported  by  the  sides  of  the  cut,  the  angle  of  sup- 
port or  repose  of  the  back  filling  being  at  an  angle  of  45°  with  a 
horizontal  at  the  top  level  of  the  pipe,  the  earth  or  back  filling 
forms  an  arch  bridge  from  this  point  up,  so  that  the  only  point 
to  be  carefully  guarded,  is  to  see  that  the  back  filling  immedi- 
ately surrounding  the  pipe  is  carefully  put  in,  and  that  the  pipe 
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is  laid  on  the  natural  ground,  so  that  there  may  be  no  undue, 
unequal  settlement,  and  in  places  where  the  ground  is  soft  and 
yielding,  to  build  up  with  concrete. 

RESULTS   AT   AMSTERDAM    AND   LITTLE   FALLS. 

That  the  results  of  construction  bear  me  out  in  this,  I  have 
the  proof  in  the  actual  working  of  both  the  Amsterdam  and  the 
Little  Falls  conduits.  The  Amsterdam  conduit  is  laid  generally 
in  very  heavy  cuts,  ranging  from  12  to  22  feet.  At  Little  Fall  p. 
one  heavy  cut  for  1,000  feet  is  in  the  deepest  point  32  feet ;  and 
yet,  Mr.  A.  H.  Delgraff,  Superintendent  at  Amsterdam,  writes 
in  every  report  to  date,  that  there  has  been  no  repairs  on  the 
conduit.    His  last,  the  sixth  report  on  the  works,  1887,  says : 

"Conduit  Lines. — The  conduit  lines  still  continue  to  do 
the  work  assigned  them  in  a  satisfactory  manner,  and  no  moneys 
have  been  spent  in  repairs  during  the  year." 

At  Little  Falls  the  upper  half  of  the  conduit  to  Gillet 
Creek  has  been  in  use  two  years,  and  the  whole  since  July  last, 
and  as  yet  tl> ere  has  not  been  one  dollar's  repairs,  although  on 
the  iron  portion  we  have  had  three  breaks.  If  the  proof  of  the 
pudding  is  chewing  the  string,  I  think  these  two  conduits  have 
demonstrated  their  durability.  The  same  ttiing  holds  true  of 
the  Johnstown  works. 

The  conduit  at  Johnstown  is  about  1  mile  long,  15  inches  in 
diameter  and  similar  in  construction  to  the  Amsterdam  conduit. 
It  has  now  been  in  use  four  years  without  any  repairs. 

continuity  of  smooth  pipe. 

I  desire  to  call  attention  to  the  fact  that  the  use  of  a  bag 
drawn  ahead  continuously,  after  the  pipe  laying,  has  the  effect 
of  producing  a  continuous  smooth  pipe  the  entire  length  of  the 
conduit,  the  small  particles  of  cement  mortar  which  are  forced 
up  into  the  chamber  of  the  pipe  in  caulking  being  smoothed  over 
in  the  line  of  the  flow  of  the  water  and  the  joints  entirely  oblit- 
erated. Very  careful  measurements  on  a  weir  at  the  outlet  of 
the  Little  Falls  conduit  showed,  when  conduit  was  running,  full 
head,  a  daily  flow  of  4^  million  gallons,  although  the  calculated 
capacity  was  3  million  gallons. 

VALVES  in   line. 

To  prevent  a  pressure  ever  being  put  on  conduit,  under  no 
circumstances  must  any  valve  be  placed  in  the  line,  but  it  must 
be  an  open  conduit  from  end  to  end  ;  the  water  must  be  regulated 
at  the  head,  or  by  introduction  of  a  branch  pipe  with  valves  on 
branch,  which  rnay  then  be  located  at  any  point  at  which  it  is 
desirable  to  draw  the  water  off.  On  the  Little  Falls  conduit  I 
placed  branches  and  blow-offs  on  each  section  of  the  iron  pipe  at 
their  lowest  points. 

ECONOMIC   FEATURES   OF   COST. 

The  most  important  item  in  the  whole  matter,  however,  is 
the  relative  cost  as  compared  with  cast  iron  pipe.  The  saving  is 
well  worth  looking  iuto  wherever  new  works  are  being  designed, 
or  additional  supplies  added  to  existing  systems,  to  see  if  it  is 
applicable  to  the  case  in  hand. 
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Taking  the  actual  results  of  the  cost  of  constructing'  the 
Little  Falls  conduit,  the  comparative  statement,  excluding  the 
cost  of  dam,  inlet  chamber,  etc.,  common  to  any  plan,  will  be  as 
follows: 

Total  cost  of  conduit,  8  72-100  miles  long |86,085  27 

Vitrified  Pipe  portion,  5  63-100  miles  long 45,544  43 

Cast  Iron  portion,  3  09-100  miles  long 40,540  80 

If  cast  iron  pipe  had  been  used  exclusively  in  place  of  vit- 
rified pipe,  the  sizes,  owing  to  the  contour  of  the  ground,  would 
still  have  been  the  same  as  were  used  in  the  line  as  actually  con- 
structed ;  the  total  cost  of  conduit  at  contract  prices  would  have 
been  $147,409.29. 

If  it  had  been  possible  to  follow  on  the  hydraulic  grade 
line  the  entire  length  of  the  conduit,  using  vitrified  pipe  exclu- 
sively, the  total  cost  would  have  been  $57,206.64. 

The  relative  cost.  Vitrified  and  Iron,  may  be  generally 
summarized  as  follows  :  Taking  the  ordinary  trench,  say  4  ft. 
covering  on  top  of  pipe,  3  miles  of  vitrified  may  be  laid  for  the 
cost  of  one  of  iron.  The  cost  of  laying  vitrified,  trench  being  all 
ready,  taking  18-inch  pipe  as  a  basis,  one  expert  pipe  layer  and 
four  laborers"  will  lay  200  to  300  lengths  per  day,  using  ^  bbl. 
cement  and  50  lbs.  jute.  The  collaring  followed  up  the  next  day 
by  one  handy  man  and  two  laborers,  using  f  bbl.  cement  and  | 
bbl.  sand. 

l^rom  the  actual  workings  of  the  conduits  at  Amsterdam, 
Johnstown  and  Little  Falls,  I  am  satisfied  that,  if  properly  laid, 
a  salt-glazed  pipe  conduit  is  as  durable  as  any  that  can  be  laid, 
as  well  as  being  economical,  as  the  above  results  of  actual  work 
show  There  being  no  pressure,  there  can  be  no  breaks  tc 
repair ;  maintenance  is  reduced  to  the  minimum. 

LIMITATION    OF*   ITS   USE. 

Yet  I  think  I  must  state  that  the  application  of  vitrified  in 
place  of  cast  iron  pipe  must  be  limited  to  conduits  of  two  feet  to 
thirty  inches  in  diameter,  and  to  those  localities  where  a  line  can 
be  run  to  follow  the  hydraulic  grade  line,  terminating  at  a  dis- 
tribution reservoir  adjacent  to  town,  which  will  give  suflBcient 
head  for  the  distribution  system,  or  ending  at  a  pump  well. 

CONCLUSION. 

I  believe  that  the  use  of  vitrified  pipe  conduits  will  enable 
many  localities  to  avail  themselves  of  the  better  and  purer  water 
supplies,  that  are,  without  its  use,  too  far  distant  to  be  financially 
available.  For  example,  the  Little  Falls  water  is  brought  at 
such  a  moderate  cost  as  to  enable  them  to  sell  their  surplus  water 
at  a  profit  at  five  cents  per  1,000  gallons.  It  would  have  been 
too  heavy  a  burden  with  cast  iron,  or  at  least  the  tax-payers 
would  have  objected  to  the  heavy  expense.  They  probably 
would  have  resorted  to  pumping  from  the  Mohawk  river,  which 
takes  all  the  drainage  of  the  cities  above  them.  In  the  one  case 
they  have  a  pure  mountain  trout  stream  of  three  to  four  million 
gallons  flow.  In  the  other  they  would  have  had  the  sewage- 
contaminated  Mohawk  river,  the  constant  dally  expense  ci 
pumping,  with  no  surplus  of  water  to  sell. 
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.    Mr.  Wadswoeth: — What  are  the  leugthe  of  the 
pipes  ? 

Mr.  Babcock: — Two  feet. 

Mr.  Wadsworth  : — When  these  sections  are  laid  is 
each  one  embedded  in  the  earth  before  the  joint  is  made 
and  cemented '} 

Mr.  Babcock  : — Should  you  fill  and  tamp  you  could 
not  drive  the  joint.  You  are  obliged  to  lay  the  pipe  and 
drive  the  jute  home  then  tamp  the  earth  around  the  pipe. 

Mr.  Wadsworth  : — Do  you  ever  have  any  breaks 
in  the  cement  ?  • 

Me.  Babcock: — No,  sir;  the  work  has  run  six  years 
and  there  never  has  been  a  spade  put  into  the  ground. 

Mr.  Wadsworth: — What  do  you  mean  by  True 
Hydraulic  Grade  Line  ? 

Mr.  Babcock  : — It  is  the  grade  at  which  the  impetus 
given  to  flowing  water  by  the  incline,  is  just  balanced  by 
the  retardation  due  to  its  friction.  The  line  you  follow — 
the  contour  of  the  ground — is  not  the  true  line.  I  have 
brought  with  me  the  maps  of  the  construction.  I  shall 
exhibit  them  if  anybody  cares  to  see  how  far  the  contour 
line  will  depart  from  the  true  line. 

Mr.  Wadsworth  : — In  going  through  soil  filed  with 
quicksand  or  soft  muck,  do  you  have  any  trouble  in  keep- 
ing your  conduit  clear  ? 

Mr.  Babcock: — At  Johnstown  they  had  originally 
iron  pipe,  and  ran  it  very  near  an  air  line ;  it  has  constantly 
worked  bad  ;  and  the  Engineer  called  me  in  to  help  him. 
He  was  unfortunate  in  building  a  high  dam  on  quicksand 
bottom  ;  I  abandoned  that  entirely  and  built  a  stone  dam, 
packed  and  concreted  it.  We  laid  a  twenty  inch  sewer  from 
our  reservoir  over  a  very  short  distance,  this  was  about  two- 
thirds  quicksand.  I  had  to  resort  to  an  experiment ;  there 
was  so  much  sand  came  Through  as  to  make  a  perfect 
stream  below  the  conduit.  I  laid  it  with  open  ditches  and 
put  rye  straw  around  the  joints  to  catch  the  sand  and 
retain  it  there.  If  I  had  a  muck  bottom  I  should  concrete 
it,  or  lay  timber  and  make  a  solid  foundation. 

Mr.  Dunham  : — It  is  statetl  in  the  paper  that  the 
actual  delivery  through  the  conduit  was  four  and  a  half 
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millions  daily,   while  the   computed  capacity  was  three 
millious.     I  would  like  to  inquire  as  to  the  formula  used. 

Mr.  Babcock: — I  used  Neville's  Tables,  but  it  has 
been  found  by  actual  measurement  that  the  tables  are 
about  one-third  short ;  I  use  them  because  they  are  com- 
monly cited. 

Mr.  Dunham  : — It  is  also  stated  that  the  pipe  for  the 
purposes  of  a  conduit  of  less  than  eighteen  inches  should 
not  be  used. 

Mr.  Babcock  : — No,  sir ;  that  is  not  so  ;  not  above 
twenty-four  or  thirty  inch  ;  simply  because  it  is  a  difficult 
matter  to  manufacture  ;*  after  you  get  above  thirty  inches 
the  pipe  in  drying  will  get  out  of  shape  ;  and  another 
thing,  the  pipe  would  be  very  hard  to  handle  in  a  rough 
country. 

Mr.  Holme,  Jr. — None  of  us  of  course  will  dispute 
the  durability  of  salt-glazed  vitrified  pipe  in  the  building 
of  conduits,  for  we  know  it  has  durability  and  lasting 
qualities,  but  there  are  certain  defects  in  it  which  I  think 
have  been  overcome  by  the  system  of  constructing  a 
conduit  recently  used  by  us  at  Denver,  which  is  now 
working  very  satisfactorily.  We  have  had  some  of 
this  work  in  use  for  six  years,  which  was  simply  put  in  as 
an  experiment ;  we  have  since  built  7  or  8  miles  of  20  in. 
to  36  in.  conduit,  which  has  cost  us  from  $1.10  to  $2.15  per 
ft.  It  will  stand  a  pressure  of  from  10  to  60  lbs.,  and  we 
have  had  it  under  the  pressure  of  40  lbs.,  with  no  ill  re- 
sults. We  have  2?  ft.  fall  per  mile  in  this  conduit  which  I 
mention.  It  is  constructed  of  California  redwood,  the 
durability  of.  which  I  think  is  equal  to  that  of  solid  or 
vitrified  pipe.  I  was  sent  into  California  I  think  about  3 
years  ago  to  look  into  the  durability  of  California  redwood. 
I  traveled  up  and  down  the  State,  visited  the  redwood 
forests,  saw  railroad  ties  that  had  been  in  use  40  years, 
saw  piles  that  had  been  driven  from  15  to  20  years,  both 
in  almost  perfect  condition,  and  saw  a  railroad  manager's 
office  that  was  finished  off  with  railroad  ties  that  had 
been  in  use  25  years — they  having  been  sawed  into  proper 
form  and  sizes.  We  had  this  redwood  sawed  in  the  form 
of  staves,  a  certain  number  of  staves  to  the  circle.  We 
built  our  pipe  by  laying  these  staves  one  upon  the  other 
and  then  fastening  them  together  with  wrought-iron  .bands. 
Indeed,  all  the  staves  are  bound  in  this  way.  The  pipe  is 
thus  enabled  to  stand  a  very  heavy  pressure.  They  are 
placed  3  or  4  ft.  apart  on  the  pipe.    Since  we  have  had 
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this  conduit  in  operation  we  have  never  had  any  leakages 
and  have  no  trouble  at  all.  The  cost  of  this  work  is  mate- 
rially less  than  that  of  any  other  material  now  in  use.  The 
wood  is  made  perfectly  smooth  before  putting  together, 
and  the  plan  of  construction  is  very  simple  and  valves  can 
be  used  on  any  part  of  the  pipe.  Our  pipe,  wliich  is 
banded  together  with  5x8  in,  wrought-iron  bands  and  is 
under  60  lbs.  pressure,  has  not  a  leak  in  it — I  think  we 
have  something  to  be  proud  of.  The  diameter  of  the  pipe 
I  speak  of  is  24  in.  We  also  have  30  in.  under  40  lbs. 
pressure.  Our  reservoir  is  situated  on  the  highest  hill  in 
the  city.  One  advantage  is  that  a  valve  can  be  placed  at 
any  point  on  the  line,  and  the  cost  is  so  small  compara- 
tively that  we  could  afford  to  build  5  or  0  of  these  conduits 
in  the  way  described  cheaper  than  we  could  put  in  one 
regular  cast-iron  line. 

The  drawings  of  this  pipe  are  here  on  exhibition. 
This  pipe  is  simple  in  construction  and  we  find  it  a  good 
conduit  and  quite   satisfactory.     We  have,  as  I  stated, 
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seven  miles  of  this  pipe  36,  30  and  24  inch  diameter,  made 
of  California  redwood,  and  of  native  pine  about  six  miles ; 
the  native  pine  is  forty-eight  inch  diameter. 

Me.  Tubes  : — Do  you  ever  have  a  break  in  your  pipe  I 
Can  you  shut  off  the  water  to  make  repairs  as  readily  as 
you  could  a  cast  iron  main ! 

Mr.  Holme: — Before  the  pipe  had  peasoned  sufli- 
ciently  we  turned  the  water  (m,  and  the  result  was  that 
very  little  water  oozed  from  the  pipe — not  enough  to  spurt, 
but  just  a  little  ooze.  As  soon  as  the  pipe  had  swollen, 
wc  had  no  further  trouble  with  it.  We  can  build  under 
water  or  in  water,  can  build  in  two  or  three  feet  of  water, 
and  we  find  no  trouble  in  connecting  this  pipe  with  cast- 
iron  pipe.  We  tested  the  pipe  before  we  laid  another ; 
we  tested  it  to  120  pounds  pressure  per  square  inch.  The 
only  question  is  one  of  durability.  There  is  no  question 
but  that  it  will  last  25  or  30  years — we  could  afford  to 
build  it  half  a  dozen  times  (as  I  have  said  before)  for  what 
it  would  cost  to  put  in  one  line  of  cast-iron  pipe. 

The  Secretary  : — The  City  of  Quincy,  Ills.,  has 
Ifttely  put  in  a  30  inch  conduit  of  similar  construction  to 
that  of  Denver.  In  this  case  they  used  Georgia  Hard 
Pine,  and  laid  it  continuously,  joints  being  broken  as  the 
staves  were  laid;  the  pipe  was  laid  last  winter,  as  the 
influent  from  mid-channel  in  the  river  to  the  pump  well, 
and  is  from  1600  to  1700  feet  in  length,  and  is  giving  satis- 
faction.* 


•Note. — Since  the  meeting  Col .  E.  Prince,  C.  E.,  has  furnished  thefoUow- 
ing,  describing  the  Quincy  conduit.  Skc'y  :  The  pipe  or  conrlnit  was  built  on 
ways— in  3  sections  of  o-lO  feet  each— and  rolled  into  the  Bay,  then  put  together 
with  wrought  iron  ],4  sleeves,  towed  into  the  river,  ballasted  with  stone,  sunk, 
entered  into  a  short  pipe  running  out  from  the  well,  the  crib  put  on  and  then 
sunk  together  with  the  upper  end  of  the  conduit.  There  were  a  great  many 
things  to  be  thought  of  and  provided  for  and  against,  both  in  construction  ana 
in  getting  in  place.  The  construction  of  the  pipe  itself  was  exceedingly  simple. 
Staves,  Sin.  x  6  in.  x  16  ft  of  best  kila  dried  yellow  pine  were  used.  After  being 
brought  here  the  whole  was  taken  to  planing  mill  and  each  stave  dressed  on 
inside  and  two  edges.  19  staves  went  around  the  circle,  the  inside  ot  which  was 
say,  30  in.  outside  3G  in.  I  did  not  bevel  anything;  the  end  of  each  stave  was 
sawed  into  to  a  depth  of  2  in.  to  receive  a  wrought  iron  butt  plate  yi  inch 
thick;  plate  say  1^^  in.  wide  x  4  in.  dee]).  The  object  of  this  is  to  assist  in 
making  the  butt  joint  tight  A  half  inch  groove  in  the  edge  of  each  stave  is 
filled  with  a  separate  tongue  piece  say  7-16  in  x  J4  in.  wide,  put  in  as  the  pipe  is 
being  constructed,  butts  of  tongue  pieces  never  being  allowed  to  coincide  with 
stave  butts.  Over  each  joint  on  the  outside  of  the  pipe  placed  No.  .'<  wrought  iron 
plate  6  in.  square,  nail  hole  punched  in  each  corner,  through  which  hole  nail  was 
driven  and  clinched  on  inside  of  pipe.  What  bothered  me  most,  and  was  the 
simplest  thing  about  it,  was  the  hooping.  Of  course,  the  pipe  being  perfectly 
straight,  there  was  no  chance  to  drive,  and  bolts  were  on  many  accounts 
objectionable  The  plan  I  last  thought  about,  and  adopted  worked  like  a  charm, 
and  was  thus:  At  distances  of  4  ft .  i.  e.,  covering  all  the  butt  joints  and  plates, 
passes  a  half  inch  c.  h.  iron  hoop  held  in  place  by  a  half  clamp,  secured  by  a 
araw  bolt.  This  clamp  is  tightened  outside  of  the  hoop  until  a  link  can  be 
slipped  over  the  bent  ends  of  the  hoop,  when  the  ends  are  turned  back  over  the 
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Mr.  Hooper: — It  has  been  done  abroad  in  the 
French  country  fifty  years  under  an  eighty  pound  pressure. 
I  saw  in  the  Sonora  Valley  two  years  ago,  a  similar  con- 
duit in  which  water  was  brought  down  from  a  very  high 
mountain  and  which  had  been  in  use  eighteen  years. 

Mr.  Dunham  : — If  there  is  any  question  as  to  dura- 
bility of  wood  pipe,  I  think  our  President  can  tell  us  as 
much  about  it  as  anyone. 

President  Fanning  : — In  constructing  a  system  of 
water- works,  in  an  Eastern  city,  I  had  to  deliver  water 
from  the  storage  lake  to  the  pumping  station  and  to  the 
turbines  driving  the  pumps  which  were  placed  at  a  level 
40  ft.  lower  than  the  lake,  and  distant  more  than  a  quarter 
of  a  mile  from  the  lake.  The  water  was  conveyed  from 
the  dam  at  the  outlet  of  the  lake  about  1,000  ft.  in  a  canal 
to  the  brow  of  the  slope  at  the  foot  of  which  stood  the 
pump  house.  The  water  was  to  be  taken  down  the  slope 
to  the  pumps  and  to  drive  the  turbines  which  actuated 
the  pumping  machinery.  After  consideration  of  several 
methods  of  construction  of  penstock  for  this  purpose,  a 
wood  conduit  was  deemed  advisable.  The  canal  on  the 
upper  level  was  10  ft.  deep  and  the  bottom  of  the  conduit 
at  the  end  of  the  canal  was  placed  at  the  same  level  as 
the  bottoiii  of  the  canal,  and  the  conduit  then  extended 
700  ft.  in  length  down  the  slope  and  connected  with  the 
turbines  under  a  head  of  40  ft.  This  conduit  is  72  ins. 
clear  diameter.  It  i.s  constructed  of  southern  pine  staves. 
These  staves  are  machine  dressed  on  their  edges  to  true 
radial  lines,  and  in  setting  the  machine  cutters  I  tested  by 
setting  short  pieces  of  staves  on  end  on  a  floor,  and  ad- 
justed the  cutters  uniil  the  staves  placed  in  contact  one 
after  another  would  complete  a  true  circle  of  72  ins. 
diameter. 

The  trench  to  receive  the  conduit  averaged  about 
U)  ft,  deep.  The  staves  in  the  conduit  were  laid  so  as  to 
break  joints  as  a  long  mill  floor  is  laid.  Forms,  on  which 
to  lay  the  lower  semi-circumference  of  the  conduit  were 
phiced  in  the  trench.  Then  starting  at  the  lower  end  the 
staves  were  placed  in  position,  the  lowest  staves  being- 
stretched  uj)  the  slope   farther    than    higher    staves  and 

link,  in  so  doing  tigliteniiic:  the  round  hoop  still  more  After  the  bent  ends  were 
secured  with  the  link  and  blightly  bent  back,  tb"  clamp  was  removed  and  the 
hoo])  p  unded  at  all  tbt^  seams  so  as  to  get  a  snug  flt  before  the  final  driving  back 
of  tiie  hoop  ends.  The  s-Ciions  of  the  pipe  were  secured  by  a  ball  sleeve  of  boiler 
plate  six  leet  long,  in  all  cases  a  thimble  of  ^inch  iron  entering  and  connecting 
each  section.  I  used  "3  in.  round  iron  side  rods  rimning  the  whole  length  of  the 
pipe  from  the  crib  to  well  anchorage .  But  the  pipe  was  so  stiff  and  strong  ihat  I 
doubt  if  they  did  any  good. 
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when  the  semi-circumference  at  the  lower  end  was  com- 
plete its  iron  hoops  were  placed  in  position  and  the  full 
circle  of  the  conduit  completed.  Thus  the  laying  pro- 
gressed up  the  hill,  the  lowest  staves  being  kept  in 
advance,  and  the  iron  hoops  being  placed  and  tightened 
as  the  full  circle  advanced.  This  work  was  performed  by 
laborers  under  supervision  of  a  competent  foreman. 

The  hoops  were  made  of  iron  2^  ins.  wide  varying 
from  i  in.  to  1  in.  in  thickness,  and  each  hoop  had  two  light- 
ening bolts  at  points  opposite  each  other.  The  butting 
joints  of  the  staves  were  made  tight  by  introducing  a  thin 
plate  of  iron  in  each.  Saw  kerfs  were  cut  tangentially, 
t  in.  deep  across  each  end  of  each  stave,  and  pieces  of 
hoop  iron  f  in.  wide  and  h  in.  longer  than  the  widtli  of  the 
stave  filled  the  kerf.  The  ends  of  the  iron  plates  were 
sharpened  so  as  to  indent  into  the  sides  of  each  adjoining 
stave. 

This  six  foot  wood  conduit,  under  40  feet  head  pres- 
sure at  its  lower  end  has  been  in  satisfactory  use  sixteen 
years,  conveying  water  to  the  turbines  and  pnmps  and  now 
gives  promise  of  great  durability. 

One  other  instance  I  will  mention,  more  intimately 
related  to  the  subject  of  Mr.  Babcock's  paper.  This  is  a 
vitrified  pipe  conduct  under  pressure.  We  built  an  im- 
pounding resevoir  by  raising  a  natural  lake  14  ft.,  thus 
securing  a  reservoir  of  180  acres  area.  The  dam  was  14 
feet  high  and  the  conduit  leading  water  to  the  city  was, 
in  the  gate  chamber,  placed  at  the  level  of  the  bottom  of 
the  dam.  From  thence  it  had  a  tall  6f  12  ins.  per  mile  and 
extended  7,000  ft.  toward  the  city,  the  remaining  portion  of 
the  supply  main  being  of  iron. 

At  the  lower  end  of  the  vitrified  pipe  was  placed  an 
open  topped  stand  pipe  rising  to  3  ft.  higher  than  tiie 
water  in  the  lake  reservoir.  The  use  of  the  stand  pipe 
was  to  lessen  any  shock  of  water  ram  that  might  possibly 
be  reacted  from  the  iron  pipe  back  toward  the  reservoir. 

This  conduit  is  a  Scotch  clay  vitrified  pipe  of  24  ins. 
diameter.  Its  joints  are  covered  with  wrought-iron 
sleeves  packed  with  Portland  cement.  This  conduit  has 
been  in  use  about  twenty  years  und^r  an  average  of  res- 
ervoir pressure  of  15  ft.  head  with  satisfactory  results. 

Mr.  Wadsworth: — In  improving  the  water  supply 
of  a  town  in  1871,1  ran  across  two  wood  mains  of  common 
size  G  ins.  in  diameter.  These  pipes  were  perfectly  sound, 
except  about  1  in.  on  the  outside.  I  was  told  by  some  of 
the  oldest  inhabitants  that  they  were  laid  80  or  DO  years 
ago  and  had  been  in  use  up  to  20  years  ago.    They  ran 
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1 .000  ft.  toward  the  mountain.  These  pipes,  as  far  as  I 
could  see,  were  as  ready  to  bring  water  as  they  ever 
w  ere.     Joints  were  butt  or  socket  style. 

Mr.  Diven: — We  have  wood  pipe  put  in  in  ISGO,  under 
a  pressure  of  60  lbs.,  which  is  giving  entire  satisfaction. 

President  Fanning  : — One  of  the  conditions  of 
the  successful  use  of  wooden  pipes  underground  seems  to 
bo  that  the  soil  shall  be  constantly  moist  and  one  which  is 
perfectly  free  from  the  circulation  of  air.  In  remov.ng 
Jill  old  bridge  from  one  of  the  New  England  streams  we 
foand  that  the  sills  on  which  the  old  i)ier  or  abutment 
oiiginally  rested,  had  evidently  been  laid  in  the  ground 
at  a  low  stage  of  the  water.  They  were  just  on  the  water 
s  irface  when  we  took  them  out.  When  they  had  been 
removed  I  took  a  chij)  from  one  of  them  which  showed  the 
wood  to  be  in  an  almost  perfect  state  of  preservation,  and 
1  uow  have  ii  as  a  curiosity.  Upon  investigation  I  found 
That  the  sills  were  pui  in  about  100  years  previous.  The 
ii  )re  was  but.  slightly  soiled,  and  was  nearly'  as  tough  as 
tuait  in  new  wood. 

Mr.  Darling  : — I  would  say,  that  circumstances 
may  allow  putting  in  wooden  pipe,  or  one  of  the  various 
other  kinds  of  pipe  which  have  been  brgught  forward  ; 
but,  1  believe,  that  if  yoti  live  anywhere  near  a  foundry 
where  they  make  pipe  at  a  reasonable  price,  and  of  good 
quality,  the  most  practical  pipe  that  you  can  put  into  the 
ground  is  cast-iron  pipe. 

The  President: — The  next  in  order  is  a  paper  by 
Mr.  H.  W.  Ayres,  of  Hartford,  Conn. 

Mr.  Ayres  then  read  : 


THE  CONSUMPTION  OF   WATER  BY  CITIES 
AND  TOWNS. 

The  actual  average  daily  amouuts  of  water  used  and 
wasted,  hy  American  cities  and  towns,  at  the  present  time, 
espechilly  as  reduced  to  a  per  capita  basis,  is  a  diiticult  matter 
to  detenuine.  A.s  mi^rlit  be  expected,  returns  from  the  smaller 
cities  and  towns  are  usually  less  reliable,  an  1  show  wider  differ- 
ences than  those  ol  larger,  more  wealthy  and  consequently  usu- 
ally better  equipped  and  manag-eil  corporations.  Moreover, 
local  causes  pioduce  more  conspicuous  results  wliere  the  plant 
is  small  and  the  area  of  di-^tributi'>u  limited  From  a  careful 
e<aminatiou  of  reports  and  otlier  authentic  sources,  I  fiud  that 
many  towns,  with  a  population  of  about  o,000,  supply  from  20  to 
IvJO  or  more  gallons  per  day  to  each  iuhabitaut,  fairly  represeuta- 
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tive  towns  of  this  class  furnishinof  usually  from  35  to  40  orallons 
per  capita.  Towns  with  a  population  of  about  10,000,  though 
with  wider  extremes  of  supply,  seem  to  furnish  from  45  to  50 
gallons  daily  to  inhabitants.  Of  cities,  with  populations  of  from 
25,000  to  50,000,  very  few  use  and  waste  less  than  50  gallous  daily 
to  each  inhabitant,  hy  far  the  greater  number  supplying  100  or 
more  gallons,  and  many  wasting  water  in  a  way  that  could  not 
be  tolerated  in  a  large  city. 

In  order  to  illustrate  the  subject,  I  have  prepared  the  ac- 
companying table,  made  up  entirely  from  the  reports  of  the 
cities  named.  This  table  contains  the  names  of  about  thirty 
American  cities,  and  gives  the  per  capita  consumption  of  each, 
extending  in  some  cases  over  a  period  of  fifteen  years,  also  the 
population,  number  of  meters  and  number  of  service  pipes  in  use 
at  the  same  time  of  the  last  report.  And  while  there  are  many 
breaks  which  I  have  been  unable  to  fill,  only  three  cities  haviug 
answered  inquiries,  also  parts  in  which  returns  are  based  on  the 
company's  estimate  of  population,  yet  it  will,  1  think,  be  found 
sufficiently  accurate  as  an  exhibit  of  the  present  situation. 

We  must  remember,  however,  that  municipal  and  private 
corporations,  which  know  and  report  their  consumption,  usually 
take  pride  in  keeping  it  as  low  as  possible  ;  whereas  those  wlio, 
through  lack  of  information,  make  no  such  report,  especially 
cities  using  a  gravity  sujjply  with  ample  storage,  probably  con- 
sume water  in  greater  quantities.  Any  amount  of  waste,  there- 
fore, shown  by  amounts  reported,  is  probably  less  than  the 
actual  average  waste. 

An  inspection  of  this  table  shows  that  in  most  cases  the 
use  of  water  increases  not  only  with  the  growth  of  the  city,  but  ^' 
with  the  lapse  of  time  since  the  introduction  of  the  works.  It 
wall  also  usually  be  found  to  increase  with  the  extent  ot  area 
piped.  Referring  to  the  table  again,  we  find  that  where  by  an 
effort  in  almost  any  of  these  cities  the  consumptiou  luis  been 
greatly  reduced  in  one  year,  this  effort  has  not  resulted  in 
further  reductions  in  succeeding  years,  but  forms  only  the  ini- 
tial point  of  a  second  constantly  increasing  scale.  Neither  is  it 
true,  as  we  might  have  expected,  that  a  comparatively  moderate 
use  of  water  by  cities  where  the  source  and  facilities  of  supply 
are  ample  is  attained  in  all  cases  by  the  measurement  of  water 
furnished. 

In  regard  to  these  differences  as  shown,  part  are  undoubt- 
edly to  be  accounted  for  by  the  size  of  the  city,  its  climatic 
location,  manufacturing  or  commercial  interests,  topography,  v 
amount  of  pressure  required  in  pipes  and  other  local  causes  ;  but 
when  we  have  made  all  allowance  for  such  causes,  the  variations 
are  yet  far  too  great.  Where  we  might  expect  comparative 
uniformity  in  supply,  and  wide  differences  only  in  the  cost  ol  the 
plant  and  operating  expenses,  we  flud  cities  in  ui  arly  similar 
situations  as  to  population,  etc.,  vary  in  this  respect  to  wide 
limits.  Yet  the  city,  apparently  so  careful  by  comparison,  is 
probably  wasting  from  one-third  to  one-half  of  all  the  water  fur- 
nished ;  and  so  long  as  one  city  can  point  to  much  greater  waste 
by  others,  the  tendency  is  to  increase  its  own  ,  the  ditficulties  uf 
a  determined  effort  at  reduction  are  increased,  and  a  higher  per 
capita  basis  is  encouraged. 

This  encouraged  waste  of  water  has  brought  a  number  of 
our  cities  to  a  point  where  their  works  are  adequate  neither  for 
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iire  protection,  uor  domestic  purposes.  As,  for  instance,  the  city 
of  New  Yorls,  where  the  waste  in  some  sections  is  so  great  that 
tiie  usefulness  of  the  plant  is  totally  destroyed  in  other  sections, 
notwithstanding  the  per  capita  consumption  averaged  for  all 
i-i  about  ninety  gallons,  or  more  than  two  and  one-quarter  times 
iid  great  as  that  of  London,  England. 

In  regard  to  what  should  constitute  a  proper  supply, 
Colonel  Wm.  Ludlow,  who  has  made  a  thorough  and  compre- 
hensive study  of  this  subject,  says  :  "The  domestic  aud  public 
use  of  water  cannot  be  made  to  account  for  more  than  forty 
gallons  per  capita."     This  for  the  city  of  Philadelphia. 

Jiis  estimate  is : 

For  domestic  use 15  gallons. 

For  manufacturing  purposes 20       " 

For  sprinkling  streets 2       " 

For  fountains 2       " 

For  fire  purposes 1 

Total 40  gallons. 

If  Colonel  Ludlow  is  correct,  and  I  do  not  think  anyone 
familiar  with  the  subject  will  dispute  his  estimate,  all  in  excess 
o;'  an  average  daily  supply  of  40  gallons  to  consumers  is  waste, 
a  id  any  money  expended  in  furnishing  a  greater  amount  is  a 
loss,  except  such  as  has  reference  to  an  increased  population  or 
unexpected  contingency. 

The  more  important  elements  composing  this  excessive 
use  of  water  by  American  cities,  and  the  reduction  of  waste,  are 
subjects  which  have  been  ably  treated  by  members  of  this  Asso- 
ciation, in  papers  presented  at  former  meetings.  The  more  pro- 
lific sources  of  waste  are  : 

1st.     Improper  plumbing  and  house  fixtures. 
2ud.     The  running  off' of  water  during  cold  weather  to  i)re- 
veut  freezing. 

3rd.    Street  sprinkling  as  practiced. 

To  correct  excess  in  these  directions,  we  have  but  two 
remedies : 

1st.    Introduction  of  water  meters. 

2nd.  A  house  to  house  inspection,  aided  by  mechanical 
devices  now  at  our  command,  and  backed  by  strict  rules  rigidly 
enforced,  yet  in  such  a  manner  that  the  consumer  shall  not  be 
made  to  sutler  too  great  hardship,  either  in  tlie  matter  of  expense 
or  convenience.  There  are  cities  where,  by  a  judicious  blend- 
ing of  these  two  remedies,  the  waste  has  been  reduced  to  a  mini- 
mum, yet  without  inconvenience  to  the  consumer.  However, 
they  are  very  few,  probably  not  more  than  1-7  of  1  per  cent,  of 
all  now  in  use. 

The  table  on  which  this  paper  is  founded  furnishes  the 
basis  for  longer  and  more  varied  comment  than  it  is  possible  to 
make  now.  So  fact  shown  is,  however,  of  greater  practical  im- 
portance than  the  enormous  useless  expense  inflicted  on  every 
c  )mmunity  where  reckless  waste  is  the  rule,  and  consumers  are 
l.tft  practically  at  liberty  to  waste  from  two  to  eight  times  as 
niuch  water  as  they  can  possibly  use. 
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CITIES. 

GALLONS  PER  DAY  PER  CAPITA. 
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1875 

1876 
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56 
35 
71 
33 
35 

68 
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80 
125 
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75 
65 
49 
29 
88 
42 
37 

i'45" 
65 

71 
94 

To  Inhabitant.. 

284 
2897 

"9886 

Chicago 

"90" 
"50 

60 
50 

103 

102 

68 
62 
60 

975000 

WilmiDfrton,  Del 

9-* 
132 

94 

180 

47 

45 

"27" 

56000 
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Cincinnati 

167 
87 
68 
48 
32 

109 
55 
39 

162 
76 

122 
86 
58 

111 

60 
71 

90 
47 

m 

68 
114 
82 
59 
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28428 
26438 

250606 

83 
42 
34 
95 
52 
38 

137 

75 
105 
78 
61 

94 
45 
37 
89 
56 
32 

138 

82 

100 

86 
45 
39 
105 
62 
30 

139' 
93 

113 
86 

95 
49 
46 
104 
65 
31 

256 

23643 

Lynn,  Mass 

74 
35 
64 
24 

84 

14 1" 
45 

"es" 

22 

To  Inhabitant. 
To  Consumer  ... 
Tolnhabitanl.. 

236 
471 

7800 



Louisville,  Ky 

58 
24 
70 

i'36 

44 

64 
27 
48 

i'si' 

Fall  River,  Mass 
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160000 
.50000 
50000 

138 
43 

I'ss"  lie" 

'I'o  Inhabitant. 

2725 
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49  1  56 

51 

62 

To  Inhabitant 

104 
86 

66 

80 
3S 
31 

79 
62 
134 
100 

"si" 

59 
60 
56 

74" 
73 
71 

41 

To  Consumer... 
To  Inhabitant . 

"    82 
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7.11 

45 
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'5225 
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5112 
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55 
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58 

106 
134 
73 

m 

71 

42 
28 
45 
43 

57 
104 
77 

ui" 

113 
133 

74 
43 
32 
48 

1. 
68" 
129 
96 
308 
154 
47 
39 
97 
80 
36 
32 
84 
63 
60 
55 
54 
77 
73 
71 
40 

Trov  N.  Y 

90 

Boston,  Mass 

475000 
19000 

48" 

29 

44 

To  Inhabitant. 

776 

2875 

21000 

Burlington,  Vt 



To  Inhabitant. 

13500 

Rocliester,  N.  Y 

I 

[ 

To  Inhabitant. 

1009 

17454 

115000 

SpriDgfield,  Mass.... 



To  Inhabitant. 

472 

4819 

40000 

To  Inhabitant. 
To  Consumer... 

38 

70000 

' 

14000 

35 

To  Inhabitant. 
To  Consumer... 

20 

1884 

15500 

To  Inhabitant. 
To  Consumer... 
To  Inhabitant. 

2 
1502 

1284 
'3432' 

7400 

38 
31 
84 
65 
60 

"39" 

14000 
20000 

Fitchburg,  Mass 
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To  Consumer... 
To  Inhabltarit. 

"545" 

2263 

Lowell,  Mass 

"25" 

"27 

"30" 

"34" 

"34" 

'I'o  Inhabitant . 

1461 

7127 
4900 

87000 
12063 

Madison,  Wis 

40 

20000 

Schenectady,  N.  Y... 
Holyoke,  Mass 

Providence,  R.  I 

To  Inhabitant. 

149 
7632 

2173 

31348 
120000 
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The  next  paper  on  the  programme,  "The  Water 
Supply  of  Tokyo,  Japan,"  by  Y.  I^akajima,  C.  E.,  of  tlu^ 
Imperial  University,  was  on  motion  read  by  title  and 
ordered  printed. 


THE  WATER   SUPPLY  OF  TOKYO,  JAPAN* 

Tokyo,  or  formerly  called  Yedo.  is  the  present  capital  of 
Japan  and  is  the  largest  city  in  the  Empire.  On  the  south  it  is 
bounded  by  the  sea, "and  "n  the  north  and  west  there  are  many 
hill  ranges.  The  heart  of  the  city  is  traversed  by  many  trans- 
portation canals.  Its  total  area  is  15,279  acres  or  23.87  square 
miles.  The  total  length  of  the  streets  is  about  477  miles  and  they 
are  in  general  very  narrow.  Most  buildings  in  the  businef-s 
part  are  two  stories  high.  The  population  of  the  city  proper  i.-' 
1,210,000  or  72.7  persons  per  acre. 

"When  General  lyeyas  decided  to  make  Tokyo  his  head- 
quarters, it  was  but  a  small  town.  But  his  policy  was  to  have 
all  the  nobility  under  his  eye,  so  he  ordered  them  all  to  reside  in 
Tokyo;  and  this  caused  a  rapid  increase  in  the  population,  a« 
may  be  understood  when  it  is  remembered  that  some  had  armed 
'followers  to  the  number  of  one  thousand,  and  each  follower  had 
his  family."  The  water  obtained  was,  in  general,  very  bad  an<l 
in  many  places  it  contained  salts  and  was  not  fitted  for  drinkinir 
purposes  at  all.  Also  in  some  parts  the  supply  occasionally 
failed.  Consequently  as  the  population  increased,  the  necessity 
for  water  supplj'  was  greatly  felt  and  the  following  works  weru 
carried  out  which,  without  material  change,  have  supplied  Tokyo 
until  to-day. 

In  1620  (though  some  say  a  little  later),  one  of  the  Shogun 
(General)  ordered  a  man  who  had  lived  a  long  while  in  tlu- 
neighborhood  of  Tokyo  to  consider  the  question  of  water  supply 
for  the  city.  He  proposed  and  constructed  what  is  now  commonly 
called  the  Kanda  system.  The  three  ponds,  namely  that  of 
Enokashira.  Zenpukuji  and  Mj'o-syoji,  are  the  principal  sources 
of  this  system,  and  a  part  of  the  water  of  the  Tamagawa  canal 
helps  them  at  present.  The  respective  heights  of  these  ponds 
are  147.5,  150.5,  and  137.5  feet  above  the  aea.  The  waters  from 
these  sources  are  combined  in  one  canal  and  are  distributed 
through  a  part  of  the  city  by  various  wooden  pipes,  as  shown  in 
the  map.  This  system  supplies  the  wards  of  Koishi-Kawa, 
Kanda,  and  part  of  Niphon-bashi.  Its  daily  supply  is  about 
17,000,000  U  S.  gallons. 

The  other  is  called  the  Tamagawa  system,  and  is  morc^ 
important  than  the  one  already  described.  The  Shogun  noticed 
the  insufficiency  of  the  existing  system,  and  in  1651  he  ordered 
a  nobleman  to  consider  its  extension,  or  more  properly,  the  intro- 
duction of  a  new  supply.  It  is  said  that  accordingly  two 
farmers  who  were  well  acquainted  with  the  surrounding  country, 
were  appointed  to  make  surveys  and  report.    It  is  also  said  that 


*The  materials  for  this  description  ■were  furnislied  to  the  author  mostly  liv 
Mr.  R.  Hara,  C.  B  of  Tokyo-FTi,  and  a  great  ileal  is  quoted  by  permission  from 
Prof.  W.  S.  Chaplin's  paper,  read  before  New  En^rland  Water  Works  Associatiou , 
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at  that  time  there  were  no  levels  and  almost  no  surveying-  instru- 
ments of  any  description  at  all.  However,  somehow  or  other, 
they  made  the  survey  and  recommended  drawing  the  water  from 
the  Tamagawa  river.  The  plan  was  adopted  and  the  work  wjis 
begun  in  April,  1652,  and  completed  in  November,  of  the  samn 
year.  They  built  a  dam  across  the  river  so  as  to  turn  the  water 
into  the  canal.  The  height  of  the  water  surface  of  the  canal 
near  the  dam  is  404  feet  above  the  sea.  The  total  length  of  tlie 
open  canal  from  the  dam  to  the  Yotsuya  gate  is  26. (>  miles.  From 
the  dam  for  about  0.7  of  a  mile,  the  width  of  the  canal  is  about 
30  feet  and  the  width  of  the  remaining  portion  decreases  from  24 
to  18  feet.  "The  canal  was  skillfully  placed  a)ong  the  plain 
which  extends  from  the  dam  to  Tokyo,  so  that  no  high  embank- 
ments or  deep  excavations  were  needed.  The  velocity  of  tho 
water  is  rather  great,  but  it  is  quite  uniform  from  one  end  of  the 
canal  to  the  other.  The  high  velocity  is  beneficial,  because  it 
prevents  the  growth  of,  and  obstruction  from  aquatic  plants, 
and  the  injury  to  the  banks  is  less  than  would  be  expected,  as 
the  earth  here  hardens  under  the  action  of  water."  This  canal 
serves  also  for  irrigating  the  lands  along  the  line.  There  are  al?(j 
several  mills.     The  gate  at  Yotsuya  regulates  the  water  flow  to 
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Tokyo  and  the  extra  water  is  drawn  off  by  a  waste  i^ipe.  The 
daily  supply  by  this  system  is  about  24,000,000  gallons.  This 
supplies  the  following  wards,  namely  :  Akasaka,  part  of 
Yotsuya,  Azabu,  Kochi-Machi,  Shiba,  Kyo-bashi  and  part  of 
Niphou-bashi,  as  shown  in  the  map.  The  total  number  of  the 
people  depending  upon  these  two  systems  is  about  400,000. 

There  is  another,  called  the  ( "higawa  system,  which  supplies 
a  part  of  the  wards  of  Koishi-Kawa  and  Hougo,  as  shown  in  the 
map.    The  daily  supply  is  1,400,000  gallons. 

Besides  tlie  above  three  systems,  there  had  been  introduced 
three  or  four  other  systems  at  various  times,  but  none  of  them 
were  successful  on  account  of  excessive  cost  of  maintenance,  and 
all  had  been  abandoned. 

The  distribution  pipes  are  generally  of  wood  ;  in  dry  places 
retinispora  obtusa  is  used,  and  in  wet  grounds  pine  is  used  for 
pipes.  There  are  many  forms  of  wooden  pipes  in  use.  When 
the  internal  diameter  is  nmch  less  than  6  ins.  a  round  timber 
with  a  circular  hole  through  is  used.  When  the  pipes  are  a  little 
larger,  then  a  square  timber  is  hollowed  out  so  that  its  section 
looks  like  a  U  and  the  top  is  covered  with  a  plank  which  is 
spiked  on  (Fig.  1).  The  joints  are  Avell  calked  with  a  fibrous 
bark  so  as  to  prevent  leakage.  The  connections  between  the 
ends  of  adjoining  pipes  are  formed  by  champhering  the  end  of 
one  pipe  and  eutarging  the  interior  of  the  end  of  the  next  and 
driving  the  first  into  the  second  (Fig,  1).  The  pipe  of  this  form 
is  used  when  the  side  of  the  interior  hole  is  less  than  6  ins.  In 
larger  pipes  the  section  is  either  square  or  rectangular  with  the 
broad  side  laid  (Fig.  2).  The  thickness  of  the  planks  forming 
the  sides  is  from  2^  to  6  ins.  When  these  pipes  are  subjected  to 
a  considerable  pressure  they  are  braced  by  frames  of  square 
timbers,  as  shown  in  Fig.  3.  The  largest  wooden  pipe  in  use  is 
3  ft.  in  height  by  4J  ft.  in  width,  and  the  smallest  one  is  3J  by  3J 
ins.  The  largest  stone  conduit  is  5  ft.  in  height  by  6  ft.  in 
width,  and  the  smallest  one  is  1  ft.  6  ins.  by  1  ft.  6  ins.  The  total 
length  of  the  wooden  pipes  now  in  use  is  533,790  ft.  or  101.1  miles, 
of  which  290,470  ft.  belongs  to  the  Tamagawa  system,  221,210  ft. 
to  that  of  Kanda,  and  the  balance  to  the  Chigawa  system.  The 
total  length  of  the  stone  conduit  is  24,025  ft.  of  which  12,070  ft. 
belongs  to  the  Tamagawa  system  and  the  balance  to  that  of  the 
Kanda.  The  depth  of  the  distribution  pipes  is  from  4  to  18  ft. 
below  the  suiface  of  the  ground.  The  wooden  pipes  last  from  10 
to  20  years,  according  to  the  nature  of  the  ground.  The  distri- 
bution pipes  of  the  three  systems  are  not  connected  at  all, 
though  in  some  parts  they  come  close  together.  W^henever  there 
is  an  abrupt  change  in  level,  or  there  is  a  branch  pipe,  a  square 
box  is  used,  as  shown  in  Fig.  4,  whose  sides  vary  from  2^  ft.  to  6 
ft  ,  according  to  the  sizes  of  the  pipes.  There  are  a  great  variety 
of  the  forms  of  the  boxes  according  to  the  locality,  the  pressure, 
head,  etc.  In  some  parts,  boxes  are  put  simply  for  inspecting 
the  flow  and  the  quality  of  water.  They  may,  to  some  degree, 
serve  to  make  the  flow  in  the  pipes  uniform.  "  The  water  is  .not 
carried  from  the  mains  into  the  houses,  but  is  delivered  into 
wells,  which  are  usually  on  one  side  of  the  streets."  Commonly 
the  connection  of  the  well  to  the  distribution  pipe  is  made  by 
inserting  one  end  of  a  2-in.  iron,  pipe  about  3  ft.  long  to  the  side 
ot  the  distribution  pipe  and  the  other  end  to  a  square  wooden 
box  1  ft.  2|  ins.  wide  and  1  ft.  high,  the  thickness  of  which  is 
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about  2J  ins.  The  connection  of  this  box  to  the  well  is  made 
commonly  by  a  wooden  pipe,  the  diameter  of  which  is  2^  ins. 
The  wells  are  generally  lined  with  wooden  planks  5  or  6  ins. 
wide  and  2  ins.  thick,  fastened  together  by  several  bamboo  bands 
in  a  cylindrical  form.  The  height  of  each  of  these  wooden  cylin- 
ders is  about  6  or  S  ft.,  and  their  diameter  varies  from  3  to  4  ft. 
The  depth  of  the  wells  depends  upon  that  of  the  distribution 
pipes  near  by.  The  top  of  the  cylinder  projects  about  3  ft.  above 
the  ground  surface  so  as  to  f«revent  the  danger  of  falling  in. 
The  total  number  of  these  wells  now  in  use  is  7,765,  of  which 
2,935  belong  to  the  Tamagawa  system,  3,704  to  that  of  Kanda, 
and  the  balance  to  the  Chigawa  system.  "The  ends  of  the 
mains  are  carried  down  to  the  banks  of  the  canals,  rivers  and 
the  shore  of  the  bay,  and  the  water  is  allowed  to  escape  freely, 
thus  reducing  the  great  pressure  in  the  pipes  and  preventing 
injury  to  them."  In  this  way  a  great  deal  of  water  is  wasted, 
though  the  exact  amount  is  not  known. 

Chemical  examinations  have  shown  that  the  water  Is  con- 
taminated in  the  distribution,  for  samples  taken  from  the  con- 
duits showed  no  pollution,  while  those  taken  from  the  wells  in 
the  lower  part  of  the  city  were  decidedly  bad.  The  analysis 
also  shows  that  the  water  of  the  Tamagawa  is  much  superior  to 
that  of  Kanda.  "  Several  theories  have  been  advanced  to 
account  for  its  contamination.  One  is,  that  as  the  pipes  are 
usually  below  the  level  of  the  ground  water,  though  the  head  is 
greater  inside  the  pipes,  there  is  a  continual  diffusion  of  the 
impurities  in  the  ground  water  through  the  wood  into  the  pipes. 
Another  and  more  probable  hypothesis  is,  that  owing  to  the 
constantly  changing  level  of  the  water  in  the  wells,  which  arises 
mostly  from  the  small  size  of  the  pipes  which  connect  the  mains 
with  the  wells,  the  impure  water  from  the  ground  makes  its  way 
through  the  leaky  linings  into  the  wells  and  that  the  water  thus 
polluted  is  carried  at  times  back  into  the  luains."  In  another 
experiment  water  was  taken  from  the  different  parts  of  the  sys- 
tems on  the  same  day,  and  the  analysis  of  theSe  different  waters 
showed  that  the  further  the  water  flows  through  the  distribu- 
tion pipes,  the  greater  is  the  contamination,  and  in  the  thickly 
settled  places  the  impurities  are  found  to  be  more  than  in  the 
thinly  inhabited  portions. 

The  water  rate  for  one  well  is  $4.50  per  annum.  A  fountain 
rate  is  double,  and  a  waterfall  rate  is  ten  times  that  amount. 
The  average  annual  cost  of  maintenance  for  the  three  years  (1883, 
1884,1885,)  is  127,800. 

Nearly  all  the  people  of  the  Fukagawa  ward,  and  about 
one-fifth  of  those  of  the  Honjo,  altogether  89,450  in  number,  use 
water  brought  daily  by  boats  from  some  distant  rivers  or  from 
the  outlets  of  the' already  mentioned  sj^stems.  The  quantity 
conveyed  daily  by  these  boats  is  77,200  gallons.  The  daily  cost 
of  transportation  is  about  $45.00,  or  116,425  per  annum. 

In  the  places  where  the  above  systems  do  not  extend,  the 
people  use  the  water  of  the  common  wells  and  of  artesian  wells. 
The  total  number  now  in  use  in  the  capital  is  33,952,  In  general 
the  water  from  the  common  wells  is  much  inferior  to  that  of  the 
already  mentioned  systems. 

As  the  water  of  these  systems  has  no  head  and  as  in  many 
places  it  can  hardly  be  obtained  with  convenience,  the  losses 
due  to  fire  are  quite  great.    The  area  covered  by  the  buildings 
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burnt  in  1883  is  thirty-seven  acres  ;  in  '84,  twenty-six  acres,  and 
in  '85,  thirty-two  acres.  Nearly  all  the  buildings  are  only  one 
or  two  stories  high,  so  that  the  losses  due  to  these  fires  are  not  ao 
great  as  might  be  sufjposed.  It  may  be  fairly  estimated  tliatthe 
losses  from  buildings  burnt  in  these  j'ears  are  |6G9,000,  ;p473.000 
and  io8o,000  respectively. 

About  two  hundred  and  fifty  years  ago.  very  little  was 
done  toward  s.ystematic  water  supply  even  in  London  ;  and  the 
water  works  of  Tokyo  were  quite  large  for  that  period.  In  fact, 
up  to  that  time,  there  had  been  no  such  extensivo  water  works 
constructed  in  the  world  except  at  Rome.  However  gigantic,  as 
it  may  have  appeared  at  the  time  of  its  construction,  it  cannot 
be  comparable,  in  many  respects,  with  the  present  systems  in 
America  and  Europe,  and  therefore  it  will  no  doubt,  be  replaced 
by  some  bettor  system  in  a  few  years. 

Mr.  Daeling: — What  is  the  programme  for  this 
evening  ;  are  we  to  have  a  session  ? 

Chair: — Xo,  sir. 

Mr.  Darling  : — Then  I  rise  to  a  question  of  privilege. 
I  am  situated  at  the  present  time  so  that  I  know  not 
whether  I  will  be  with  you  after  this  session  or  not.  I 
have  a  communication  from  m^  chief  assistant  who  lies 
dangerously  sick  at  home  ;  I  expect  a  telegram  which  may 
call  me  home  to-night.  Now  I  desire  to  have  a  word  to 
say  in  case  I  do  go. 

Last  year  I  sent  you  a  package  of  blue  prints,  with  the 
request  that  the  same  be  distributed  among  the  members 
with  a  view  of  trying  to  encourage  the  system  of  each 
member  bringing  blue  prints  of  his  work.  I  think  these 
things  will  be  somewhat  practical  and  very  useful  to  all. 
This  year  I  brought  down  another  package  for  distribution ; 
the  President  has  contributed  from  his  stock  largely ;  this 
I  desire  to  see  done  by  all  members.  A  great  many  say 
"I  cannot  do  that ;  I  cannot  do  that."  It  is  just  as  easy 
as  to  sit  down  and  write  a  letter,  if  you  go  to  work  at  it. 
If  you  are  not  a  Civil  Engineer  just  draw  out  youi-  ideas 
and  then  submit  it  to  a  Civil  Engineer,  or  a  draughtsman, 
and  he  will  have  them  printed  for  about  two  or  two  and  a 
half  cents  apiece. 

Now,  what  I  desire  is,  that  this  Association  will  resolve 
that  each  member  will  bring  some  blue  prints  of  some  part 
of  their  work,  either  their  system  generally,  the  manner 
in  which  they  take  their  water,  some  river  crossing,  which 
would  be  interesting  to  us,  where  you  have  gone  either 
over  or  under  the  river ;  something  that  will  give  us  an 
idea  of  what  somebody'  else  has  done.  I  feel  so  much 
interested  in  this  matter  that  I  want  to  put  the  question 
to  the  meeting  before  I  leave,  because  I  believe  this  Asso- 
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ciatiou  is  large  enough  and  that  we  have  members  able  to 
do  it.  Some  men  say  they  cannot  talk;  you  must  not  ask 
them  to  say  anything.  I  have  seen  tbese  gentlemen  by 
just  asking,  "How  do  you  do  this  thing?"  get  up  and  make 
a  good  8pee(!h.  I  would  like  to  have  the  expression  of 
the  members  of  this  Association  whether  they  agree  with 
me  in  this  idea  or  not. 

Now  I  would  like  these  gentlemen  who  will  help  in 
this  matter  to  stand  up  and  be  counted,  (members  rising.) 
That  is  good  business.  This  does  not  prevent  anybody 
that  does  not  rise  to  present  some.  Well,  we  have  fifteen 
or  sixteen  rising.  There  is  another  thing;  they  should  be 
of  a  uniform  size  so  as  to  be  bound.  [A  voice:  What 
size  f  j  The  size  I  shall  present  you,  aud  the  size  you 
received  from  me  last  year  is  our  uniform  size.  Of  course 
if  it  is  more  convenient  you  can  make  it  larger.  You  have 
many  larger  works  than  we  have  in  the  East.  Now  I 
desire  to  say  the  New  England  branch  is  an  offspring  from 
this  Association ;  I  was  one  of  the  instigators  of  that 
association.  This  organization  was  started  at  St.  Louis  by 
Mr.  W.  C.  Stripe,  (who  is  now  dead),  a  man  of  good  ideas, 
and  a  hard  worker,  Mr.  Decker,  and  others  I  cannot  now 
name.  Beginning  with  a  .few  Superintendents  of  Water 
Works  it  has  grown  to  large  proportions.  I  met  with  you 
at  Columbus  the  second  annual  meeting;  I  said  then  I 
thought  perhaps  it  would  be  well  to  start  a  similar  society 
in  New  England.  I  had  hoped  that  New  York,  and  that 
the  Southern  States  would  start  similar  ones,  whereby 
this  Association  might  be  a  grand  head,  or  Grand  Encamp- 
ment, or  Grand  Lodge  to  the  rest  of  them.  I  thought 
this  would  be  the  foundation  only.  Now  I  want  to  say  that 
the  New  England  Society  looks  to  this  Association,  at 
least  I  do,  recognizing  it  as  the  parent;  she  is  the  child  of 
this  Association ;  she  needs  you,  and  believes  in  you 
without  a  question,  and  is  willing  to  submit  to  the  parent. 
I  want  to  continue  this  sociability  between  us.  We  hold 
a  meeting  in  June  at  Providence,  R.  L  I  would  be  glad 
to  see  you  all  there  and  tender  you  all  a  cordial  invitation 
to  come.  I  hope  these  meetings  will  be  continued  and 
grow;  I  am  pleased  to  see  the  growth  of  this  Association, 
and  I  hope  we  shall  continue  to  be  a  grand  center  of  some 
other  societies  that  will  co-operate  with  us  in  these 
deliberations.     [Cheers.] 

Adjourned. 
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MoENiNG  Session,  Wednesday,  April  18th,  1888. 

Meeting  called  to  order  at  10  o'clock  by  President 
Fanning. 

Mr.  Dunham,  on  behalf  of  the  Civil  Engineers'  Club 
of  Cleveland,  extended  to  the  Association  greetings,  and 
an  invitation  to  attend  a  meeting  of  the  Club  in  the 
evening  to  listen  to  an  address  by  its  President,  Mr.  John 
Whitelaw,  on  the  construction  and  history  of  the  Cleveland 
Water  Works,  and  stated  that  the  City  Council  had  kindly 
tendered  the  use  of  its  chamber  for  the  evening.  It  was 
moved  and  seconded  that  the  courtesy  of  the  Civil  Engi- 
neers' Club  be  accepted.    Carried.  •  . 

Mr.  Dunham  stated  that  he  had  received  a  letter 
from  Messrs.  Tippet  &  Wood,  of  Philipsburg,  N.  J.,  ex- 
pressing regret  that  they  could  not  be  present  at  the 
meeting,  and  asking  permission  to  exhibit  photographs  of 
their  work,  and  stating  that  they  would  be  very  certain 
to  join  the  Association  as  associate  members  before  the 
close  of  the  year. 

It  was  moved  and  seconded  that  the  request  be 
referred  to  the  executive  committee  with  power  to  act. 
Carried. 

Mr.  Diven  moved  that  the  matter  of  droi)ping  from 
the  roll  the  names  of  members  in  arrears  for  dues  for  four 
years  be  referred  to  the  executive  committee  with  power 
to  act. 

The  motion  was  seconded  and  carried. 

Mr,  Diven  moved  that  the  President  appoint  a  commit- 
tee on  nomination  of  officers  for  ensuing  year,  to  report 
at  the  meeting  Thursday  afternoon.    Se«onded  and  carried. 

The  President  appointed  as  such  committee,  Messrs. 
L.  H.  Gardner,  H.  W.  Ayres,  Jno.  W.  Henion,  W.  G. 
Richards,  Wm.  Kyle  and  R.  Holme,  Jr. 

In  the  absence  of  the  author  the  Secretary  read 
the  following  paper : 

qUINDARO  SETTLING  BASINS  AND  SIPHON  WELL. 

BY  R.  C.    PEARSONS,    C.    E.,  KANSAS  CITY,  MO. 

The  intent  of  this  paper  is  rather  to  describe  the  mode  of 
construction  of  tlie  Basins  and  their  adjuncts,  than  as  a  discus- 
sion of  the  principles  on  which  they  were  designed.  A  concise 
review  of  these  will,  however,  assist  in  a  proper  understanding 
of  the  work. 

The  Kansas  City  water  works  took  their  first  supply  from 
the  Kaw  River.  The'uuexpectedly  rapid  growtli  of  the  city  re- 
quiring additional  plant  and  rendering  the  first  location  objec- 
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tionable  on  account  of  pollution  of  the  water  supply,  it  became 
necessary  to  choose  a  new  location,  which  the  Water  Company, 
in  deference  to  public  opinion,  determined  should  be  on  the 
Missouri  River. 

The  Chief  Euo^ineer,  G.  W.  Pearsons,  advised  tunnelling 
under  the  Missouri  River  and  taking  the  supply  from  a  point 
opposite  the  upper  part  of  the  City  of  Wyandotte.  This  would 
have  placed  the  supply  station  within  a  mile  of  the  city,  and 
in  sight  of  the  projected  high  service  pumping  station.  Eventu- 
ally resulting  in  these  stations  being  the  only  ones  needed. 

The  commission  of  engineers  appointed  by  the  Water 
Works  Company  passed  this  project  almost  without  comment 
and  chose  the  present  location. 

Work  beginning  almost  immediately  it  left  no  time  to 
make  surveys  and  estimates.  Actual  operations  were  at  once 
begun  on  the  ground  chosen.  Sonae  ravines  were  adjacent  to  the 
grounds,  one  of  which  might  possibly  have  been  utilized,  instead 
of  building  the  basins  where  they  are.  This  ravine,  however,  is 
bordered  by  farms,  of  which  it  forms  the  natural  drainage,  and 
would  necessitate  extensive  land  purchase  and  showed  diflBculty 
In  providing  drainage  for  the  land  and  waste  to  the  river.  There 
was  no  time  for  full  surveys  and  studies  required  to  determine 
the  relative  values  of  the  two  sites.  The  present  location  was 
chosen,  practically  by  its  apparent  advantages  as  regarded  ease 
and  rapidity  of  construction,  accessibility  and  convenient  drain- 
age to  the  river.  As  soon  as  the  surveys  had  advanced  sufficiently 
to  give  data  for  construction,  the  work  was  commenced  by  build- 
ing the  coal  house,  which  would  answer  the  purpose  of  boarding 
house,  shop  and  general  headquarters,  during  the  work.  The 
nearest  town.  Quindaro,  being  about  one  and  one-half  miles  dis- 
tant, such  headquarters  were  necessary.  Ground  was  broken  on 
the  22nd  day  of  April.  1886. 

Work  on  the  inlet  crib,  siphon  line  and  the  drains  for  the 
basin  being  dependent  on  the  stage  of  the  water  in  the  river,  the 
basins  were  started  first.  The  earliest  work  was  the  laying  of 
the  drain  pipe,  inlet  and  outlet  pipes,  that  go  under  the  banks, 
in  trenches  in  the  natural  soil. 

These  trenches  had  grooves  or  locks  cut  In  the  sides  to 
avoid  straight  lines.  All  the  bell  holes  under  the  bank  were 
excavated  to  a  depth  of  one  foot  below  the  pipe  and  three  feet 
l)ack  of  the  joint  and  refilled  with  concrete  up  to  the  top  of  the 
pipe,  care  being  taken  to  fill  the  hole  full  and  allow  no  space 
under  the  pipe.  This  was  not  so  much  for  the  purpose  of  sup- 
port, as  to  form  a  dam  to  prevent  a  stream  of  water  from  follow- 
ing the  pipe. 

The  drain  pipe  was  (24)  inches  In  diameter,  and  a  branch 
led  to  the  center  of  each  basin.  This  pipe  was  of  cast  Iron  and 
terminated  at  a  point  ten  feet  above  low  water  mark  at  the  river 
to  permit  cleaning  at  uearly"all  times  of  the  year.  This  pipe 
was  laid  to  a  grade  of  eight  inches  in  one  hundred  feet. 

KESERVOIKS. 

The  form  of  these  was  decided  by  the  ground  require- 
ments to  leave  room  for  switch  track,  pipe  lines,  buildings  and 
least  practicle  volume  of  embankment  for  given  capacity.  Being 
in  the  form  of  a  horse  shoe,  straight  on  the  east  side  to 
provide    for  extensions. 
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The  embankments  were  commenced  by  clearing:  away 
from  six  to  ten  inches  of  surface  dirt  until  gumbo  w.ts  reached. 
This  dirt  as  well  as  the  stripping  of  the  whole  ground,  was 
placed  in  the  outer  edged  of  the  embankment  and  clay  brought 
from  the  liill  for  the  inside.  This  filling  was  all  put  on  in  from 
six  to  eight  inch  layers,  carefully  dragged  and  rolled  with  a 
roller  weighing  one  thousand  pounds  to  the  foot. 

The  basins  were  excavated  to  a  grade  two  feet  below  the 
finished  grade  and  refilled  with  clay  In  the  same  manner  that 
the  embankment  was  made,  and  finished  with  a  layer  of  concrete 
three  inches  thick  an<l  plastered.  One  foot  of  extra  thickness 
was  allowed  in  the  embankment  tor  trimming  slopes. 

The  inner  slope  is  finished  to  an  inclination  of  two  to  one 
Outside  one  and  one-half  to  one,  that  being  the  outer  slope  of  the 
old  basins  which  have  stood  well.  This  will  be  discussed  further 
under  the  head  of  "failure." 

WAIil^S. 

The  rock  used  was  native  limestone,  irregular  in  form  and 
with  very  rough  beds,  making  expensive  work.  No  larjre  stone 
were  used,  all  being  set  by  hand,  and  nothing  too  large  for 
setting  that  way  was  brought  on  the  grounds.  The  stone  for 
the  face  of  the  walls  was  cut  to  close  joints  and  laid  as  broken 
ashlar,  the  walls  filled  with  rubble  and  concrete.  No  filling  with 
spawls  was  allowed  excepting  where  they  were  driven  into  joints 
previously  filled  uith  mortar.  The  beds  for  stone  in  this  tilling 
were  made  more  frequently  with  a  shovel  than  with  a  trowel, 
leaving  no  room  for  grant  and  making  an  absolutely  tight  wall. 
The  bonding  of  all  the  wails  was  carefully  looked  to  throuirhout 
the  whole  work,  although  no  thorough  stones  were  allowed. 

There  were  given  two  forms  of  wall  for  the  two  purposes. 

First,  the  ice  or  wash  wall.  This  is  around  the  bank  on 
the  inside  at  top.  This  wall  is  on  a  foundation  of  concrete  six 
feet  wide  and  one  foot  thick.  It  is  four  feet  thick  oti  the  bottom, 
twenty  inches  on  top  and  is  eisrht  teet  high  The  dimensions  of 
the  embankment  is  seventy-six  ^76)  feet  on  tiie  bottom,  tliirteen 
and  one-half  (13])  feet  on  tup  and  twenty-two  (22)  feet  higii. 
The  purpose  of  thi^  wall  is  to  prevent  tiie  bank  being  washed  by 
the  water,  and  torn  up  by  iee  and  crawfish.  It  extends  com- 
pletely around  the  circular  part  of  the  embanktuent  and  along 
the  north  and  south  tangents. 

Second.  The  partition  walls,  whieh  are  altogether  about 
eighteen  hundred  feet  in  length,  and  have  a  cross-suction  of  onn 
iiundred  and  forty-three  feet.  It  extends  across  the  east  side  of 
the  basins,  forming  the  insideof  theeastbank.  and  form  tlie  par- 
titions between  the  different  compartments.  It  is  of  the  foUow- 
ing  general  dimensions  :  Twelve  feet  thick  on  bottom,  seven  on 
top  and  twenty-two  feet  high,  and  has  two 

CONDTJITS. 

These  conduits  are  situated  one  above  the  other,  and  con- 
tinue through  the  whole  length  of  these  walls.  Tliey  are  of  the 
uniform  size  of  six  feet  three  inches  high,  and  three  feet  wide. 
They  are  for  the  purpose  of  distributing  the  water  in  the  diff<  r- 
eut  compartments. 

The  water  is,  in  all  cases,  drawn  from  the  surface  to  the 
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top  conduit  throug-h  eig-ht  twenty-four  inch  openings,  and  dis- 
tributed from  the  bottom  conduit  through  alike  number  of  open- 
ings eighteen  by  forty-eight  inches. 

These  conduits  were  covered  with  three  inch  matched  hard 
pine,  every  third  piece  being  spiked  to  a  four  by  four  inch  longi- 
tudinal stringer  bedded  in  the  wall.  The  other  two  pieces  were 
cut  shorter  to  irregular  lengths  to  provide  for  bond.  These 
were  covered  with  four  by  four  and  four  by  six  inch  elm,  placed 
about  four  inches  apart,  to  add  to  the  carrying  strength.  This 
planking  was  intended  to  be  laid  loose  and  green,  and  was  kept 
in  close  piles  to  prevent  seasoning.  This  will  be  discussed  fur- 
ther under  the  head  of  failure. 

GATES. 

Gates  and  valves  are  placed  in  the  conduits  and  between 
them,  to  control  the  flow  so  that  any  one  or  more  basins  may  be 
emptied,  for  the  purpose  of  cleaning  or  repairing,  without 
interfering  with  the  circulation  in  the  other  basins.  In  the 
conduits,  and  between  the  upper  and  lower  ones  the  gates  are 
the  full  size  of  the  conduits,  that  is  six  feet  three  inches  by  three 
feet,  and  are  operated  from  the  top  of  the  wall. 

INLET. 

This  is  a  thirty-six  inch  pipe  and  connects  directly  with 
the  center  of  the  center  basin,  but  can  be  changed  so  as  to  flow 
into  the  upper  conduit,  this  is  necessary  when  cleaning  the 
center  basin.  The  water  on  entering  tlic  center  basin  comes 
through  a  spreading  box  and  overflows,  this  is  to  avoid  current. 
When  flowing  one  million  gallons  per  hour  none  is  preceptible. 

MODE   OF   SUBSIDENCE. 

The  water  leaves  the  center  basin,  over  a  weir  one  hundred 
feet  long,  into  the  eight  openings  into  the  upper  conduit  in  the 
east  wall,  (this  weir  is  for  the  purpose  of  aireatiug  the  water) 
from  here  it  passes  north  through  the  upper  conduit  to  the  center 
of  the  east  side  of  the  north  basin,  where  it  descends  to  the 
lower  conduit  and  flows  into  the  bottom  of  the  north  basin,  pass- 
ing across  the  basin  in  flows  ouc  at  the  top  into  upper  conduit  of 
the  wall,  between  the  nonh  and  west  basins,  descending  again 
at  the  center  of  this  wall  into  the  lower  conduit,  it  is  distributed 
in  the  west  basin,  leaving  that  basin  in  the  same  manner  and 
passing  through  the  south  basin  into  the  upper  conduit  in  the 
east  wall,  it  flows  south  to  the  end  of  the  wall  where  it  connects 
with  the  thirty-six  inch  fl.ow  Hue  to  Kansas  City,  about  throe 
an<l  one  half  miles. 

The  flow  liue  in  these  basins  is  forty-eight  feet  above  the 
city  datum  ;  the  receiving  tank  at  Kaw  Point  is  twenty-four  feet 
above  the  same  datum  at  its  bottom. 

BOTTOM   OF   BASINS. 

The  conduits  and  gates  enable  the  engineer  to  throw  out 
any  basin  without  interfering  with  the  action  of  the  rest,  and  so 
we  can  get  to  the  bottom  of  them,  which  are  built  with  grades 
varying  from  three  to  ten  per  cent.,  the  heaviest  being  in  the 
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center  basin,  which  receives  ninety  per  cent,  of  the  sediment. 
This  basin  will  require  cleaning  once  from  every  one  to  two 
months,  being  governed  Vjy  the  character  of  the  water  in  the 
river.  The  slopes  are  all  toward  the  center  where  the  ends  of 
the  twenty  four  inch  drain  pij^es  terminate  with  valves.  The 
south  basin  would  probably  not  jiave  to  be  cleaned  ofteuer  than 
once  in  from  four  to  five  years,  so  far  as  mud  is  concerned,  to 
add  to  the  carrying  strength. 

SIPHON   WELIi. 

The  siphon  well  is  situated  in  the  center  of  the  pump 
house.  It  is  twenty-five  feet  interior  diameter  and  twenty  feet 
deep  below  the  bottom  of  the  pumps.  It  is  an  iron  shell  thirty 
feet  Ip  diameter  and  lined  with  a  thirty-inch  brick  wall,  resting 
on  a  floor  supported  by  forty-eight  cast  iron  .-rackets.  This  was 
sunk  through  8aud  the  action  of  which  was  partially  as  a  quick- 
sand which  would  permit  no  excavation  after  getting  below  the 
surface  of  the  water,  unless  it  was  kept  submerged.  In  sinkiuir 
it,  first  the  excavation  for  the  building  was  made  to  its  full 
depth,  the  iron  shell  then  being  set  up  in  place,  and  lined  with 
the  brick,  four  twelve  by  twelve-inch  timbers  ciossing  it  in  the 
middle,  arranged  for  bracing  and  also  for  a  floor  at  half  its 
height.  Excavation  then  begun  inside  hoisting  out  over  the  top, 
after  going  about  three  feet  water  was  struck  in  such  quantities 
as  to  require  the  aid  of  an  ejector  to  keep  it  out,  with  help  of  this 
the  well  was  sunk  about  seven  feet  further  At  that  point  the 
sand  came  in  with  the  water  as  fast  as  it  could  bo  taken  out. 
The  ejector  was  then  abandoned  and  a  jet  siphon,  using  a  three- 
quarter  inch  stream  of  water,  was  used  to  pump  sand  and  water 
together  into  boxes  placed  inside  the  well,  permitting  the  water 
to  fall  back  into  the  well.  In  this  manner  the  excavating  pro- 
ceeded at  the  rate  of  about  two  cubic  feet  per  minute. 

The  bottom  was  put  in  by  a  diver,  and  was  of  two  bj- 
twelve-inch  plank  placed  on  edge  and  spiked  together.  This 
made  a  solid  floor  twelve  inches  thick  with  the  edges  under  the 
edge?  of  the  curb,  and  held  down  in  the  center  by  posts  to  the 
floor  timbers. 

The  diver,  Mr.  Wm.  Owens,  of  St.  Louis,  a  man  of  won- 
derful mechanical  skill  when  workuig  under  muddy  water  and 
with  heavy  mittens,  was  killed  while  wrecking  a  barge  in  the 
Mississippi  river  last  summer.  His  loss  wil)  be  a  hard  one  to 
replace  on  that  kind  of  work. 

BUILDINGS. 

The  basement  of  the  pump  house  was  sunk  to  a  depth  of 
thirteen  feet  and  filled  back  with  three  feet  of  com-rete,  sur- 
rounding the  Well  and  under  the  engine  and  building  lounda- 
tions.  This  building  Is  of  stone  and  brick  and  finished  with 
gavanized  iron  cornice  and  trimmings.  It  is  eighty-six  feet 
square.  The  foundation  walls  are  seven  leet  thick  at  the  bot- 
tom and  four  feet  thick  above  the  ground,  rising  five  feet  above 
ground,  the  balance  is  of  brick.  The  boiler  house  is  twentv-tour 
feet  north  of  the  pump  house.  It  iias  a  foundation  of  stone, 
rising  to  the  same  level  ol  the  pump  house,  balance  of  building 
is  of  brick. 
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SIPHON   TUNNEL. 

The  siphon  tuunel  is  one  hundred  and  ten  feet  long. 
Begins  at  the  north  side  of  the  pump  house  and  extends  north, 
passing  under  the  boiler  house,  making  tlie  siphon  pipe  accessi- 
ble at  all  times.  This  tunnel  is  eight  feet  wide  at  the  spring  of 
the  arch,  five  feet  wide  on  the  bottom  and  nine  feet  high  in  the 
center,  and  is  built  entirely  of  concrete. 

BIVEB  CRIB. 

Work  on  this  was  commenced  by  driving  a  row  of  piles  in 
the  form  of  a  bow,  the  ends  resting  on  the  sliore.  These  piles 
were  driven  through  the  woven  willow  mattress  which  had  been 
put  in  by  the  Government  for  the  protection  of  the  bottom  land. 
It  is  constructed  by  weaving  by  hand  willows ;  this  is  woven 
continuously  and  sunk  into  place  by  loading  with  rock.  Two 
rows  of  piles  were  driven  from  the  center  of  this  bow  to  the 
shore.  Between  these  piles  bed  timbers  were  fitted  to  the  bot- 
tom and  sunk  to  place  by  the  aid  of  a  diver.  The  crib  wan  built 
of  eight  by  sixteen  inch  oak  and  hard  pine,  then  sunk  and 
bolted  on  to  them  with  fifty  wrought  iron  bolts  driven  with  a 
musket.  This  useful  tool  is  made  with  a  piece  of  gas  pipe  and  a 
rod  of  heavy  round  iron  shod  on  the  end  with  a  piece  of  steel. 
Piles  were  then  driven  above  and  below  the  crib  for  the  founda- 
tion of  the  stone  pier  and  for  protection  of  the  crib.  Between 
the  outside  rows  of  piles  was  filled  with  concrete  in  bags,  from 
there  to  the  shore  filled  with  rock.  This  pier  was  sixteen  by 
tliirty-six  feet,  and  twenty-four  feet  high,  and  had  a  well  in  the 
center  seven  by  ten  feet  containing  screens  and  gates,  allowing 
water  to  be  drawn  at  any  height  desired.  It  stands  fifty  feet 
from  shore  in  twelve  feet  of  water.  It  is  connecteci  to  the  shore 
by  an  iron  foot  bridge  ninety  feet  long.  This  is  above  high 
water.  The  well  in  the  pier  communicates  with  the  river,  its 
whole  height  guarded  by  eight  by  twelve  oak  timbers  eight 
inches  apart,  with  eight  by  eight  inch  oak  behind  the  openings, 
preventing  timber  floating  horizontally  entering  the  well. 

SIPHON. 

The  river  end  of  the  siphon  is  of  wrought  iron,  seventy- 
five  feet  long,  built  in  three  pieces  and  joined  with  east  iron 
flanges.  The  end  which  enters  the  crib  is  five  feet  wide  and 
thirty-two  inches  high.  The  shore  end  is  provided  with  a  man 
hole  and  joins  the  forty- two  incli  cast  iron  pipe  l)y  a  bowl. 

On  account  of  the  bad  ground  and  necessity  of  planking 
the  bottom  of  the  trench,  the  rise  is  mostly  at  the  river,  the  rest 
of  the  line  rising  two  inches  in  one  hundred  feet.  I'assing 
through  the  tunnel  to  the  well  it  descends  to  within  eighteen 
inches  of  the  bottom  in  two  thirty-six  inch  branches,  one  just 
inside,  the  other  in  the  center.  The  lower  end  of  these  bran<hes 
are  ten  feet  below  low  water  mark. 

The  object  of  two  down  pipes  is  to  be  able,  if  found 
desirable,  to  separate  the  sand  which  would  drop  to  the  bottom 
of  the  pipe  on  its  way  to  the  well  by  it  descent  through  the  first 
pipe  into  a  compartment  under  water  from  which  it  may  be 
removed.  The  value  of  the  siphon  with  valve  is  to  graduate  the 
water  flow,  guard  the  basement  from  being  flooded  in  high  water, 
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and  reli-^ve  the  pumps  from  the  pulsation  in  a  long  and  large 
suction  pipe  ;  also  a  less  cost  in  not  having  to  go  so  deep  with 
the  pipe  ana  trench. 

MACHINERY. 

There  are  two  engines  of  twelve  million  gallons  capacity 
each,  designed  by  G.  W.  Pearsons,  and  built  by  the  Holly  ]\Ian- 
ufacturing  Company.  The  engines  are  horizontal  compound 
(condensing,  driving  four  vertical  single  acting  vertical  pumps 
each,  plungers  twenty-five  feet  in  diameter,  with  four  feetstroke, 
The  engines  have  Hill's  pat  nt  surface  condenser.  These  pumps 
are  arranged  to  pump  from  the  river  into  the  basins,  or  to  the  city, 
or  from  the  basins  to  the  city,  as  desired.  They  are  heavy  and 
have  large  surplus  power.  No  test  has  been  made  for  duty,  but 
from  their  action  it  is  estimated  at  about  eighty  millions. 

There  are  three  horizontal  tubular  boilers  sixty-six  inches 
in  diameter  and  eighteen  feet  high,  set  with  Murphy  patent 
furuace.  There  is  a  Knowles  pump  (high  service)  in  the  base- 
ment for  fire  service  and  cleaning  the  basins. 

FAILURES. 

Two  failures  have  occurred  on  this  work,  which  are  de- 
described  for  the  purpose  of  helping  others  to  guard  against 
'  similar  ones. 

First.  The  outside  of  the  embankment,  with  a  slope  of 
one  and  one-half  to  one,  commenced  slipping  soon  after  frost  set 
in,  mostly  in  thin  layers  outside,  but  in  one  place  »o  extensively 
as  to  require  the  lowering  of  the  water  in  the  basins.  This  Oc- 
curred over  a  low  spot  in  the  ground  which  proved  to  be  soft. 
The  shape  of  the  bank  after  the  slip  is  shown  on  drawing. 

A  row  of  piles  was  driven  all  around  the  outside  of  slip 
across  the  soft  ground  to  form  a  footing,  and  preparations  were 
made  to  change  the  slope  from  one  and  one-half  to  one  to  two  to 
one,  and  to  put  in  drains,  it  being  evident  that  the  ground  was 
different  in  character  from  that  at  Kansas  City.  No  leakage  ap- 
peared anywhere  aljout  the  embankment,  but  it  seems  that  the 
earth  retains  water  and  becomes  mobile  when  frost  checks  evap- 
oration on  the  surface.  We  have  since  learned  that  railroad 
embankments  in  Kansas  showed  the  same  characteristics,  have 
also  learned  that  other  reservoirs  have  required  similar  change. 

The  other  failure  was  of  the  partition  wall  between  the 
center  and  eouth  basins.  These  walls  were  designed  with  a 
safety  lactor  of  two  This  wall  was  overturned  at  the  bottom  of 
the  laottom  culvert  as  if  on  a  hinge,  the  foundation  and  lower 
portion  of  the  wall  remaining  intact,  and  no  rubbish  or  debris 
left  on  it  at  all ;  the  wall  from  the  north  side  of  the  conduit  being 
carried  clear  across  and  deposited  with  the  rest  of  the  wall. 
When  the  basins  were  being  filled  the  center  basin  had  about 
ten  feet  more  water  than  the  balance,  when  a  crack  occurred  in 
this  wall  the  water  was  immediately  reduced  to  a  level  in  all  the 
basins  and  the  engineer  instructed  not  to  let  this  difference  recur, 
he  did,  however,  and  the  wall  overturned. 

About  sixty  feet  of  this  wall  was  on  a  circle  of  seventy- 
five  feet  radius.  The  conduits  in  these  walls  were  covered  with 
three  inch  plank  as  before  described.  A  study  of  the  effect  of 
the  swelling  of  the  plank  based  on  a  movement  in  the  east  wall 
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from  the  same  cause,  showed  that  the  effect  joined  with  the 
water  pressure,  was  suflficient  to  explain  the  accident.  Ca'-tirou 
plates  were  studied  for  the  curved  portions  of  the  walls,  but 
rejected  on  account  of  expense  If  the  wall  had  remained  till 
now  this  pressure  could  have  been  cheaply  and  easily  removed, 

CEMENT. 

The  cement  used  was  Milwaukee,  Kansas,  Utica  and 
German  Portland.  The  use  of  Kansas  cement  was  based  on  a 
series  of  tests  extending  over  some  two  years.  That  of  the  ^lil- 
waukee  on  its  great  local  reputation,  and  of  the  Utica  to  fill  in 
space  when  it  was  hard  to  obtain  the  others.  When  the  Mil- 
waukee was  obtained  its  local  reputation,  and  there  being  some 
fifty  masons  idle  for  the  want  of  It.  led  to  its  immediate  use 
without  testing.  Some  of  this  cement  was  bad.  The  Kansas 
cement  was  uniform  and  of  good  quality,  as  out  of  about  one 
hundred  car  loads  no  poor  cement  was  found.  The  Utica  cemt  nt 
seemed  to  make  good  work  although  unusually  slow  in  setting 
and  the  masons  did  not  seem  to  like  it.  The  Portland  was  used 
in  the  top  of  the  wall  where  the  sides  of  the  conduits  was  tbin, 
and  about  the  flow  line  on  the  walls  where  exposed  to  the  action 
of  the  frost.  The  sand  used  was  Kaw  river,  sharp,  coarse  and 
clean.  The  pro[  ortions  used  were  two  and  one  half  and  three 
parts  of  sand  to  one  of  cement  by  bulk 

The  broken  wall  showed  no  indication  of  poor  cement,  so 
that  it  is  improbable  that  it  could  in  any  way  be  blamed  for  the 
failure.  It  shows  necessity,  however,  for  continual  tests  of  any 
cement,  no  matter  what  its  reputation  may  be. 

An  opportunity  being  given  for  volunteer  papers  or 
remarks,  5lr.  Denman  addressed  the  Association  as 
follows: 

Mr.  Chairman  and  Gentlemen: — We  have  here 
what  we  will  call  "The  Kansas  City  Question."  I  am 
not  from  Kansas  City,  but  inasmuch  as  opportunity  offers, 
I  will  try  to  interest  some  of  you  in  it.  I  have  clipped 
from  a  Kansas  City  newspaper  a  decision  of  Judge  Gill  in 
regard  to  the  rights  of  plumbers.  To  our  associate  mem- 
bers, perhaps,  this  question  has  not  much  interest,  but  to 
those  of  us  who  are  dailj*  in  contact  with  plumbers  it  has 
a  very  lively  interest. 

The  Kansas  City  Times  announced  the  decision  with  a 
heavily  leaded  heading-,  "No  Permit  Needed.  Judge  Gill's 
Decision  in  the  Water  Works  Case.  He  holdg  that  Plum- 
bers may  tap  water  mains  without  a  permit  from  the  Com- 
pany. Major  Jones  thinks  an  injunction  will  yet  be 
granted."  I  hoped  that  Major  Jones  would  be  here  that 
he  might  listen  to  what  some  of  his  neighbors  thought  of 
the  Kansas  City  Question.  Judge  Gill  presides  over  one 
of  the  lower  courts,  and  this  question  has  not  yet  reached 
its  final  determination. 
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In  the  first  place,  the  newspaper  heading  is  misleading. 
Judge  Gill  does  not  decide  that  plumbers  may  tap  water 
mains  without  permit.  He  does  not  even  enter  upon  the 
question  of  the  right  to  tap  the  water  mains.     I  will  read 


JUDGE  GILL'S  DECISION. 

The  National  Waterworks  Company,  plaintiff, 

vs. 
Scheier  Bros.,  defendants. 

This  is  an  injunction  suit  brought  by  the  plaintiff'  water- 
works compaiij'  against  the  defendant  Scheier  Bros.,  plumbers 
of  the  citj',  whereby  it  is  sought  to  enjoin  the  defendant  from  the 
doing  of  plumbing  or  other  work  of  any  kind  which  in  any 
way  connects,  or  may  connect,  with  the  water  supply  as  furn- 
ished by  the  plaintiff,  without  having  first  obtained  from  the 
plaintiff  a  license  for  the  doing  such  work,  etc. 

On  the  application  for  a  temporary  injunction,  by  means  of 
an  elaborate  answer  by  the  defendants,  numerous  affidavits  and 
very  full  and  able  arguments  by  counsel  on  both  sides,  the  merits 
of  the  controversy  are  pretty  fully  before  the  court 

The  waterworks  company,  iu  the  pursuit  of  its  contract 
obligations  with  the  City  of  Kansas  to  furnish  at  all  times  water 
for  the  extinguishing  of  fires  and  for  private  use  by  the  inhabit- 
ants of  the  city,  has  promulgated  certain  prescribed  rules  and 
regulations  for  all  plumbing  works  and  material  to  be  done  and 
used  in  and  about  the  entire  system  which  has  to  do  with  the 
distribution  of  water  about  the  city.  Among  such  rules  appears 
the  followingr: 

First — "No  plumber  shall  do  work  in  connection  with  the 
introduction  of  water  into  any  premises,  or  alter  or  extend  any 
water  service,  except  he  be  licensed  and  under  bond." 

The  license  here  referred  to  is  a  license  from  the  water 
company  and  the  bond,  as  well,  is  one  to  be  made  to  the  water 
company'. 

As  a  condition  precedent  to  this  license  from  the  water 
company  to  the  plumber,  the  company  exacts  of  the  plumber 
that  he  sign  an  agreement  in  writing  binding  himself  to  conform 
to  and  obey  in  every  particular  all  the  rules  and  regulations  of 
the  water  company.  And  to  secure  performance  of  this  agree- 
ment the  water  company  further  requires  of  the  plumber  a  bond 
in  the  penal  sum  of  $500,  with  good  and  sufficient  security,  pay- 
able to  the  water  conapauy.  In  case  of  violation  of  any  of  the 
rules  of  the  water  comi^any  it  is  provided  that  at  the  discretion 
of  the  compan.v  a  fine  of  not  less  than  $3  nor  more  than  JIO  may 
be  imposed  on  the  plumber  for  each  and  every  infraction  of  a 
rule  in  addition  to  a  charge  of  not  less  than  $1  for  each  additional 
trip  made  by  the  company's  inspector  on  account  of  such  viola- 
tion of  rules,  and  besides  may,  at  the  discretion  of  the  company, 
suffer  a  forfeiture  of  his  license.  In  addition  to  these  rules  it  is 
further  required  of  the  plumber,  so  licensed  bj'  the  company, 
that  in  making  extensions  or  improvements  in  private  premises 
the  plumber  shall  before  doing  such  work  procure  a  permit  from 
the  company  and  when  the  work  is  done  then  the  plumber  within 
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The  defendants,  Scheier  Bros.,  are  plumbers  plying  their 
trade  in  this  city  and  duly  licensed  by  the  municipal  authorities 
and  have  given  bond  as  required  by  the  ordinances  of  said  city, 
but  they  refuse  to  make  the  agreement  and  bond  exacted  by  the 
water  company  and  thereby  to  procure  the  license  of  the  com- 
pany and  refuse  to  abide  b3'  the  rule  requiring  a  permit  from  the 
company  for  each  and  every  job  of  work  to  be  done  on  the  prem- 
ises of  those  individuals  who  may  employ  them  to  do  plumbing 
work. 

The  question  is  :  Are  the  defendants  justified  in  this 
refusal?  Should  they  be  permitted  to  prosecute  their  work  in 
the  face  of  these  rules  of  the  water  company  when  they  have  no 
license  from  the  company  to  do  plumbing  work  ? 

We  are  aided  but  little  by  precedents  in  the  decision  .of 
this  controvers3'.  I  am  satisfied  that  if  there  were  such  thfe  well- 
known  industry  and  ability  of  the  counsel  engaged  in  this  case 
would  have  produced  them  at  the  hearing.  Considering  the 
character  of  the  business  in  which  the  plaintiff  water  company 
is  engaged,  the  importance  of  its  wo  k,  as  well  to  the  public  at 
large  as  to  the  individual  convenience  and  safety  of  all  concerned, 
it  is  entirely  proper  and  just  that  it  should  have  the  right  to 
adopt  and  enforce  all  reasonable  rules  and  regulations  for  the 
same. 

As  to  what  is  reasonable  is  largely  dependent  upon  the 
circumstances  in  each  particular  instance.  The  great  import- 
ance of  the  engagements  of  the  plaintiff"  as  being  carried  on  in 
city  entitle  it  to  aliberal  interpretation  of  the  rule,  and  I  take  it 
that  the  courts  will  not  be  justified  in  condemning  these  rules 
and  regulations  unless  they  clearly  conflict  with  private  rights. 
The  undertaking  of  the  plaintiff  to  extinguish  fires  at  any  point 
along  the  vast  lines  of  its  vast  net  work  of  water  mains  by  means 
of  the  hose  attachment,  supplied  with  necessary  force  from 
direct  pressure,  demands  great  care  and  circumspection  by  it  in 
every  detail  of  the  work.  Nothing  unreasonable  then  is  found 
in  the  water  company  following  out  every  attachment  for  the 
conveyance  of  wat-er  from  its  main  pipes  and  inspecting  the 
character  of  materials  used  as  well  as  the  work  done.  It  would 
seem,  too,  that  it  is  not  unreasonable  that  before  any  particular 
plumbing  or  extension  is  made  the  water  company  should  have 
timely  notice,  and,  when  completed,  that  the  plumber  should 
report  immediately  the  same  to  the  company.  By  this  advice  in 
advance  of  work  done  or  of  what  is  about  to  be  done,  the  com- 
pany is  enabled  to  witness  its  progress  if  desirable  and  have  the 
same  thoroughly  inspected  when  reported  finished,  thereby  in- 
suring to  the  satisfaction  of  the  company  a  good  and  safe  qual- 
ity of  work  and  protecting  it  from  unfair  extensions  of  pipes, 
whereby  water  will  be  convej'ed  into  premises  owned  by  non- 
paying  consumers. 

But  the  water  company  has,  in  assuming  to  exclude  all 
plumbers  from  doing  any  work  in  connection  with  the  intro- 
duction of  water  into  private  houses  unless  licensed  by  it  and 
under  bond  as  hereinbefore  stated,  exceeded,  I  think,  the  bounds 
of  the  reasonable.  The  city  of  Kansas  has  the  power  (and  has 
exercised  it)  to  license  trades,  and  by  an  ordinance  passed  for 
that  purpose  has  provided  for  licensing  plumbers.  Under  that 
ordiuauce  a  plumber  showing  liimaell   reasonably  skillful  and 
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o:ivinof  bond  in  the  sum  of  $1,500  is  licensed  by  the  city  and 
authorized  thereby  to  prosecute  his  calling' within  the  city.  Now 
to  orive  effect  to  this  rule  of  the  waterworks  company  the  license 
thus  granted  by  the  city  of  Kansas  gives  no  warrant  for  prose- 
cuti  ig  the  business  of  plumbing  in  this  city  in  so  far  as  it  has  to 
do  with  work  that  is  or  may  be  connected  with  the  distribution 
of  water  from  the  mains  of  the  plaintiff. 

Should  a  like  rule  be  adopted  by  the  gas  company,  and  a 
license  and  bond  there  be  required  before  being  permitted  to  fix 
gas  pipes  in  private  pre  uises,  tlien  indeed  would  the  legislative 
grant  of  licensing  this  trade,  which  was  reposed  in  the  City  of 
Kansas,  become  a  power  to  be  exercised  by  these  private  corpora- 
tions rather  than  the  city.  In  so  far  as  the  pipes  in  tlie  street  are 
concerned  and  which  belong  to  the  water  company,  it  rests  its 
own  discretion  to  employ  whomsoever  it  may,  and  to  exact  any 
contract  or  bond  which  may  be  agreed  upon,  but  as  the  plumbing' 
work  on  private  premise*  and  which  is  the  individual  property 
of  the  owner,  it  would  be  a  harsh,  arbitrary  and  unreasonable 
rule  that  would  refuse  a  competent  and  slvillful  plumber,  clothed 
with  a  license  from  the  city,  with  a  bond  as  required  by  the 
ordinance,  the  right  to  do  such  work  on  an  engagement  wdth  the 
owner.  This  would  not  only  be  taking  from  the  license  (the 
plumber)  his  acquired  rights  to  engage  in  his  vocation  in  the 
city,  but  it  might  result  in  subjecting  the  individual  owners  of 
private  premises  to  ruinous  monopoly.  There  is  nothing  in  this 
case  to  justify  the  suspicion  even  that  the  present  managers  of 
the  water  company  would,  through  this  licensing,  o'"ganize  or 
encourage  any  such  a  monopoly.  The  vice  in  the  rule  is  the 
means  it  provides  for  such  an  end. 

Another  rule,  heretofore  referred  to,  is  also  subject  to 
(!riticism  It  provides  that  for  every  violation  of  any  rule  the 
water  company,  "at  its  discretion,"  may  impose  a  fine  from  $3  to 
f  10  dollars,  and  besides  may  impose  a  charge  of  not  less  than  $1 
for  each  trip  made  by  the  inspector  of  the  company  on  account  of 
such  violation  of  rules. 

It  may  well  be  said  of  this  rule,  as  was  said  by  the  Wis- 
consin Supreme  Court  in  Shepard  vs.  Milwaukee  gas  company, 
reported  in  6  Wis.,  oli).  "This  summary  jurisdiction  would  not 
be  given  to  any  of  the  courts  in  any  case  but  upon  the  most 
urgent  emergency." 

These  defendants,  these  plumbers,  are  called  upon  before 
being  permitted  to  conduct  their  trade  in  connection  with  the 
water  service  to  agree  to  abide  this  rule  and  give  bond  with  ap- 
proved security  to  answer  such  an  obligation,  to  wit,  that  in  case 
thej''  violate  any  of  the  rules  of  the  company  they  will  pay  such 
penalties  as  may  be  fixed  within  the  above  limits  at  the  discre- 
tion of  the  company  and  pay,  too,  any  sum  fixed  by  the  bound- 
less discretion  of  the  company  from  $1  up,  without  a  maximum 
limit,  for  every  trip  that  may  be  made  by  the  inspector  of  the 
company  to  view  the  work. 

While  then  conceding  to  the  water  company  authority  to 
enforce  all  reasonable  rules  and  regulations  as  to  the  plumbing 
work  which  may  connect  with  its  water  mains,  it  seems  there  is 
good  cause  to  claim  that  the  rules  last  referred  to  are  unreason- 
able, unjust,  arbitrary  and  oppressive  and  such  as  the  courts 
ought  not  to  assist  in  enforcing.  As  already  said  it  is  entirely 
reasonable  that  the  company  should  inspect  and  determine  tbie 
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quality  of  work  done  which  connects  with  its  system,  and  if  such 
as  to  endanger  its  successful  operation  that  the  company  would 
be  justified  in  refusino:  to  turn  on  the  water.  But  it  would  be 
exercising  those  functions  v/hich  belong  to  the  municipal  govern- 
ment when  assuming  arbitrarily  to  determine  who  should  follow 
the  plumbing  business.  No  complaint  is  made  as  to  the  skill  or 
competency  of  the  Scheier  Bros.  They  are  duly  licensed  by  the 
city,  and  are  entitled  to  follow  their  trade  without  further  auth- 
ority from  the  water  company. 

The  injunction  asked  therefore  will  be  denied. 

I  sent  a  copy  of  this  decision  to  one  of  our  promincait 
attorneys  with  a  request  that  he  make  such  comments 
upon  it  as  he  saw  fit,  of  which  I  leave  you  to  judge. 
He  says : 

A  fair  examination  of  the  decision  of  Judge  Gill  shows 
that  the  following  propositions  are  sustained  thereby : 

Ist.  The  Water  Company  has  the  right  to  make  and  en- 
force reasonable  rules  with  respect  to  water  connections. 

2nd.  Such  ■  ules  may  go  to  the  extent  of  denying  plumbers 
or  others  the  right:  to  make  actual  connection  with  the  mains  of 
the  Company  or  with  connecting  pipes  without  notice  to  the 
Company  and  opportunity  given  to  inspect  the  work  into  which 
the  water  is  about  to  be  introduced. 

3rd.  The  Company  may  also  require  a  report  of  the  new 
work  or  extensions  from  the  plumber,  that  they  may  know  the 
extent  and  character  of  the  additional  service  required. 

4th  That  if  the  new  work  is  not  properly  done  the  Com- 
pany may  prohibit  the  turning  on  of  water  until  it  is  properly 
done. 

On  the  other  hand  it  is  also  held  by  Judge  Gill  that  any 
plumber,  whether  having  a  permit  or  not,  may  put  in  the  new 
work,  not  including,  however,  the  turning  on  the  water  or 
making  the  actual  connection. 

The  decision  will  fairly  bear  the  construction  that  no  one 
not  having  a  permit  from  the  Company  may  make  the  connection 
or  turn  on  the  water. 

The  very  point  decided  by  the  Judge  is  this  :  The  rule 
adopted  by  the  Company  in  this  case  was  too  broad  in  that  it 
prohibited  the  doing  of  "^  any  work  by  a  plumber  not  having  a 
permit,  which  was  constructed  with  a  view  to  a  connection  with 
the  water  system  of  the  Company. 

The  dividing  line  of  the  opinion  as  to  what  may  or  may 
not  be  done  without  a  permit  is  just  this  : 

A  plumber  or  other  person  possessing  the  requisite  skill 
may  put  in  the  new  work  without  a  permit.  He  may  not  connect 
the  new  work  with  the  old  or  turn  on  water  without  such  permit. 
Such  permit  may  be  withheld  until  report  of  the  new  work  is 
made  and  reasonable  time  given  for  inspection. 

The  opinion  is  not  clear  on  some  other  points  :  May  the 
plumber  be  required  to  give  bond  that  he  will  use  proper  mater- 
ial ;  make  correct  report  of  new  work  done,  and  make  connection 
and  turn  on  water  only  after  inspection  duly  made  and  permit 
granted. 

The  opinion  leaves  the  mind  in  doubt  upon  these  points, 
with  a  strong  intimation  that  bond  cannot  be  required. 
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Tbe  third  point  iu  this  comment  may  be  very  true,  so 
far  as  it  goes,  but  I  presume  you  will  all  concur  with  me 
in  the  statement  that  it  would  be  impossible  to  run  a  water 
company  under  such  a  rule.  lie  says  that  the  plumber 
has  no  right  to  connect  with  the  pipe ;  he  has  no  right 
even  to  extend  a  pipe  after  it  is  connected.  But  suppose 
he  does  ?  A  plumber's  apprentice  who  has  acquired  a 
little  skill  may  extend  a  pipe  into  an  adjoining  room;  may 
furnish  a  bath  room  with  water:  may  supply  another 
family,  and  what  remedy  have  we  ?  It  is  true  Judge  Gill 
says  he  has  no  right  to  do  so;  but  suppose  he  does  ?  It 
drives  us  to  the  common  law,  and  then  we  have  to  prove 
our  damages  at  a  cost  for  retainer  alone  of  from  ten  to 
twenty-five  or  fifty  dollars  to  prove  claims  -to  the  amount 
of  five  or  ten  dollars,  perhaps. 

Here  is  a  very  much  shorter  opinion  from  another 
attorney  of  high  repute. : 

»  "I  conclude  from  a  hasty  readiug  of  the  opinion — 

"  1st.     That  tlie  judge  was  about  right  in  his  opinion. 

"2nd.  He  held  that  water  companies  have  the  right  to 
pass  and  enforce  reasonable  rules  for  the  protection  of  their  sys- 
tem of  water  supply  ;  that  they  may  refuse  to  turn  on  water  un- 
til these  are  complied  with.  If  extensions  are  made  they  cannot 
be  connected  until  the  company  are  notified  and  approve  the 
same.    This,  it  seems  to  me,  is  all  the  Water  Company  want. 

".3rd.  He  says  the  rule  of  the  K.  C.  Water  Company  is 
too  broad  iu  that  it  violates  the  ordinance  of  the  city  duly  passed 
for  licensing  plumbers.  A  water  company  cannot  by  rule  repeal 
a  statute  of  the  State. 

"4th.  The  Court,  I  think,  will  never  hold  that  anyone 
can  either  tap  the  mains  or  add  to  service  pipes  without  notice 
to  the  company." 

I  turn  to  the  rules  and  regulations  of  the  Kansas  City 
Water  Works,  and  find  that  they  are  acting  under  an  ordi- 
nance which  very  fully  protects  them  from  anybody  who 
undertakes  to  use  water  for  purposes  other  than  those 
specified  in  the  license  and  permit.  It  is  made  the  duty  of 
policemen,  when  on  duty,  to  report  to  the  Chief  any  viola- 
tion of  this  ordinance,  and  especially  as  to  the  use  of  fire 
hydrants.  They  seem  to  be  fully  protected.  But  the 
Kansas  City  authorities  have  given  them  no  right  to  require 
either  a  permit  or  a  bond  ;  they  have  given  them  no  right 
to  impose  any  penalties,  and  these  rights,  it  seems  to  me, 
might  well  be  delegated  to  the  water  company. 

Furthermore,  it  has  occurred  to  me  that  the  Kansas 
City  Company  would  have  been  more  successful  had  they 
asked  for  an  injunction,  not  against  the  plumber,  but 
against  the  owner,  whose  agent  the  plumber  is.  The 
owner  himself  is  responsible  for  any  additiooal  fixtures^ 
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that  may  be  placed  upon  Mg  premises  without  a  permit 
from  the  company  or  application  by  him.  But  I  do  not  see 
how  the  spirit  of  this  ruling  can  be  successfully  carried 
out.  If  water  companies  were  to  be  placed  upon  the  same 
basis  as  commercial  men  it  might  do  very  well.  If  it  were 
a  fact  that  a  water  company  could  protect  its  goods  as  a 
grocer  or  dry  goods  man  protects  his  goods ;  if  consumers 
came  to  the  counter,  got  their  measure  and  carried  it  away, 
it  might  do  very  well.  But,  inasmuch  as  water  companies 
are  required  by  ordinance  to  extend  their  pipes  wherever 
directed,  to  permit  all  citizens  to  use  water  at  their  own 
will  and  without  the  presence  of  the  company  or  its  agent, 
it  seems  to  me  that,  in  the  interests  of  justice,  it  requires 
a  peculiar  rule.  That  same  principle  has  often  been  thrown 
up  to  me  in  the  use  of  meters.  A  man  says,  "Why,  I  go 
to  a  grocery  store  and  the  grocer  uses  a  measure ;  but  he 
don't  charge  me  for  the  measure.  What  right  have  you 
to  charge  me  for  the  meter!"  Why,  simply  on  this 
principle:  That  the  meter  is  for  your  use  exclusively, 
while  the  grocer  measures  his  potatoes  out  of  a  common 
.measure  for  the  whole  public.  It  seems  to  me  that  that 
answers  the  whole  question. 

Within  a  few  days  our  inspector  went  into  a  building 
and  found  there  three  water  connections  which  he  knew 
were  not  upon  the  bill,  and  he  knew  that  the  parties  were 
not  paying  for  the  water.  He  asked  how  long  they  had 
been  there.  He  discovered  that  they  had  been  there  about 
five  months.  "Well,  who  did  it  ?"  "I  don't  know.''  "Why, 
didn't  you  hare  it  done  ?"  "Yes,  I  had  it  done."  "Well, 
who  did  it !  You  had  it  done  and  don't  know  who  did  it '?" 
"Well,  I  don't  know  who  did  it.  I  don't  know  the  man's 
name.  I  know  him  by  sight,  but  I  don't  know  who  did  it. 
I  paid  him  for  his  work  when  it  was  done,  and  did  not 
inquire  his  name  at  all."  Now,  what  protection  have 
water  works  companies  from  such  men  ? 

Mr.  Lakin  : — Does  not  your  city  ordinance  give  you 
the  right  to  compel  the  consumer  himself  to  make  applica- 
tion to  make  changes  ?  And  if  it  did,  would  not  that 
cover  this  case ! 

Mr.  •  Denman  : — The  ordinance  ought  to. 

Mr.  Dunham  : — I  would  like  to  ask  if  in  this  partic- 
ular case  you  did  not  have  any  recourse  upon  the  owner  ? 

Mr.  Denman  : — No,  it  is  not  quite  old  enough,  and 
then,  as  I  said  before,  all  the  remedy  we  have  against  him 
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is  the  common  law,  and  the  whole  bill,  if  it  had  been  paid 
for  the  entire  year,  would  amount  to  perhaps  nine  dollars, 
and  we  would  have  to  pay  our  lawyer  twenty-five  1  suppose. 

Mr.  W.  G.  Richabds  :— If  this  party  had  violated  an 
established  rule  of  your  water  works,  could  you  not  have 
had  recourse  to  your  curbstone  cock  to  shut  the  water  off? 

Mr.  Denman  : — Oh,  yes,  we  often  do  that ;  but  sup- 
pose they  have  recourse  to  the  curbstone  cock  and  turn 

it  on  ? 

Mr.  Richards  : — Then  you  have  recourse  to  the  law 
and  prosecute  them. 

Mr.  Denman  : — Yes,  and  the  same  twenty-five  dollars 
comes  in  again. 

Mr.  Richards  :— They  become  responsible  then  in 
the  police  court. 

Mr.  Denman: — Yes,  if  the  law  was  so  fixed  :  but  it 
is  not. 

Mr.  Dunham  : — I  would  like  to  ask  Mr.  Denman  if 
the  same  thing  is  not  true  when  a  man  steals  an  overcoat 
or  hat  ? 

Mr.  Denman: — I  don't  know  about  that.  There 
seems  to  be  a  different  code  of  morals  touching  the  steal- 
ing of  water  from  that  which  prevails  in  regard  to  the 
stealing  of  anything  else.  We  had  a  little  discussion  last 
year  as  to  property  in  water,  and  as  to  what  the  law  said 
was  property  hi  water.  I  commend  that  pamphlet  to  Mr. 
Dunham's  attention.  But  you  would  be  laughed  out  of 
police  court.  If  here  were  a  person  who  had  taken  water 
that  he  did  not  pay  for,  amounting  to  two  or  three  dollars' 
worth,  and  you  should  arrest  him,  you  would  not  dare  go 
before  the  public  in  such  a  case  in  the  present  temper  of 
the  people. 

Mr.  Babcock: — Would  it  be  possible  to  make  a 
special  rate  in  such  a  case,  to  cover  the  cost  of  litigation  ? 
Suppose  you  establish  a  special  rate,  say  a  hundred  dollars 
for  the  use  of  a  bath  tub,  under  such  circumstanqes.  You 
certainly  then  would  be  protected,  would  you  not  ? 

Mr.  Denmaji: — Ko,  sir;  our  rates  are  all  establi^ed 
by  the  city.     We  have  no  right  to  impose  any  penalty. 

Mr.  Tubes  : — Mr.  President,  I  do  not  desire  to  inter- 
rupt the  gentleman  very  much,  although   he   takes   very 
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kindly  to  qnestions.  I  am  myself  managing  a  water  works 
company.  It  strikes  me  that  you  have  already  suggested 
the  remedy.  I  think  that  Judge  Gill,  or  any  other  judge, 
would  uphold  any  set  of  regulations  which  seemed  to  be 
reasonable  and  seemed  to  be  arranged  specifically  for  the 
protection  of  the  works,  for  the  general  public  good  as 
well  as  for  the  good  of  the  company.  I  suppose,  so  far  as 
I  am  informed,  that  there  could  be  no  objection  raised  by 
the  courts  or  anyone  else  to  a  requirement,  if  it  should  be 
made  in  the  rules  and  regulations,  that  the  consumer  or 
the  proposed  consumer  should  come  and  sign  a  contract 
with  the  company  for  the  use  of  the  water — not  only  the 
use  of  it,  but  the  putting  it  in,  under  such  fair  and  reas- 
onable regulations  as  would  protect  both  the  interests  of 
the  company  and  those  of  the  public;  then  hold  the  con- 
sumer or  proposed  consumer  responsible  for  doing  exactly 
as  he  agrees  in  his  written  contract  to  do.  I  will  say, 
incidentally,  also,  that  I  do  not  believe  that  any  plumber 
should  be  allowed  to  tap  a  main  unless  he  is  a  paid  employe 
of  the  company  itself.  I  think  that  work  should  always 
be  done  by  the  company.  Then,  to  a  certain  extent,  it 
controls  the  situation.  The  other  suggestion  which  was 
made  by  yourself  it  seems  to  me  would  very  largely  cover 
the  ground. 

Mr.  Den^ian  :  We  have  no  trouble  in  controlling 
our  taps — none  whatever.  We  do  not  do  the  tapping  our- 
selves, but  we  authorize  it  to  be  done  by  one  trusty  man, 
a  plumber,  who  was  nominated  at  our  request  by  the 
Plumbers'  Association.  He  is  a  trusty  man,  and  as  I  have 
said,  we  have  no  trouble  in  the  matter  of  tapping.  Our 
trouble  arises  from  the  extensions.  As  to  the  consumer, 
he  is  not  always  a  property  owner,  and  is  very  frequently 
quite  irresponsible.  This  I  believe,  is  the  first  recorded 
decision  in  regard  to  the  relations  of  Water  Companies 
with  plumbers.  It  is  of  interest  on  that  account.  I  shall 
watch  the  final  settlement  of  it  with  a  great  deal  of 
interest. 

Mr.  Burke,  of  the  Local  Committee,  invited  the  mem- 
bers of  the  Association  to  take  a  carriage  ride  on  Friday 
morning,  to  visit  the  Lake  Shore  Foundry  and  the  Pumping 
Station  and  Fairmount  Reservoir. 

The  invitation  was  accepted. 

A  paper  by  Mr.  Samuel  McElroy  on  reservoirs  was 
read  by  title. 

A  motion  was  made  and  seconded  that  the  reading 
of  the  paper  be  dispensed  with,  and  that  it  be  printed  in 
the  proceedings.     Carried. 
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RESER  VOIRS. 

BY  SAMUEL   MCEIiROY,    C.   E. 

In  an  eminently  practical  association  like  this,  composed 
of  tboug-htful  men  who  are  constantly  in  contact  with  the 
various  problems  of  water  supply,  use  and  disposal,  and  in  a 
country  like  this,  where  the  growth  of  population  is  systematic 
and  often  phenomenal,  and  a  generation  cannot,  in  any  case, 
leave  off  as  it  began,  every  prominent  question  of  practice  merite 
the  most  careful  study. 

The  subject  named  covers  various  interesting  and  impor- 
tant methods  of  practice,  which  cannot  be  discussed  in  a  single 
paper,  and  merit,  each  for  itself,  special  examination.  In  fact 
the  entire  question  of  reservoir  use  is  at  issue  by  parties  of  great 
persistanee  in  their  special  theory,  wlo  urge  a  direct  mechanical 
supply,  without  reserve,  as  the  more  economical  and  efficient 
system,  and  substitute  the  contingencies  of  a  boiler  and  engine 
room,  or  a  turbine  wheel  house  for  tbe  positive  safeguard  of  ade- 
quate storage  at  high  levels,  in  opposition  to  the  experience  of  all 
time  in  the  profession.  But  experience  comes  in  to  check  this  error 
with  great  emphasis  at  times,  and  serious  losses  by  tire  united 
to  obvious  objections  in  use  and  control  of  supply,  sanitary  and 
otherwise,  cannot  be  properly  ignored.  Economy  in  water 
supply  outlay,  with  a  due  regard  to  future  demands,  is  wisdom  ; 
parsimony  in  obvious  safeguards  is  dangerous  for  both  present 
and  future,  especially  in  view  of  the  liberal  annual  r'^turns  col- 
lected for  water  supply  and  the  reduction  in  fire  insurance  rates. 

Reservoirs  have  various  uses,  as  on  the  jNiississippi,  the 
Monongahela  branch  of  the  Ohio,  and  in  various  other  river 
valleys,  they  may  be  used  to  promote  navigation  and  reduce 
floods.  In  one  country  this  is  becoming  an  important  duty  of 
hydraulic  engineers,  as  on  tlie  Merrimac  and  various  other 
streams  they  regulate  mill  supply  in  spring  and  fall.  As  on  the 
Erie,  Black  River,  and  other  canals,  they  maintain  navigation. 

In  city  supply,  which  specially  interests  us,  it  may  come 
from  lakes,  as  at  Chicago,  Cleveland,  Detroit,  Buffalo;  from  ponds, 
as  at  Boston,  the  Crotou  Valley  ;  for  Brooklyn  and  various  other 
cities,  from  powerful  rivers,  as  for  the  cities  on  the  Mississippi, 
Ohio,  Hudson  and  other  cases,  from  various  creeks,  from  under- 
ground sources  by  artesian  jets,  or  from  chalk,  or  gravel,  or  other 
underground  formations  by  gravitation  or  pumping. 

In  these  instances  the  underground  sources  are  natural 
reservoirs,  as  are  many  ponds  ami  lakes  fed  by  local  or  distant 
rain  supply,  under  circumstances  adapted  to  each.  The  great 
lakes,  like  Ontario  and  Erie,  of  vast  extent,  great  depth,  large 
inflow  and  outflow,  reversing  the  usual  order,  in  subsiding  when 
smaller  bodies  fill  up,  as  in  the  spring,  and  rising  when  other 
bodies  fall  as  in  tbe  early  autumn. 

Such  natural  reservoirs  as  are  found  in  the  Croton  Basin, 
are  very  valuable  sources  of  supply.  Lake  Mahopac,  for  instance, 
formed  in  rock,  with  a  primitive  su])ply  basin  of  2.65  square 
miles,  an  area  of  603  acres,  a  level  of  658  feet  above  tide,  is  inval- 
valuable  to  the  Croton  supply,  as  are  about  thirty  other  lakes  of 
smaller  capacity  in  the  same   l^asin,   of  which  fifteen,   in   1876, 
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covered  about  2100  acres.  Their  clear,  pure  and  cold  water 
proves  of  great  service  when  the  Croton  river  and  lake  are  in  a 
state  of  fermentation. 

The  supply  from  natural  underground  sources,  if  not  im- 
pregnated with  lime  or  other  minerals,  is  valuable  from  its 
filtration  and  depuration.  Long  Island  is  an  illustration  of  an 
enormous  storage  reservior  in  gravel  and  saud,  of  pure  and  cold 
water,  sloping  back  from  tide,  about  eight  feet  per  mile,  receiving 
and  discharging  an  average  of  not  less  than  1,200,000  gallons  per 
square  mile  duily.  In  this  cast  the  rain  passes  vertically  down- 
ward through  a  flue  sand  and  close  gravel  formation  until  it 
reaches  a  water  bed  of  coarse  gravel  layers,  through  which  it 
flows  towards  the  sea. 

Large  rivers  furnish  a  valuable  supply  In  quantity  and 
quality  as  a  rule.  The  Missouri  and  Mississippi,  in  the  clay  solu- 
tion, which  are,  at  times,  an  annoyance  lu  quantity,  yet  depur- 
ate their  contents  from  organic  matter  and  its  evils  by  this 
means  to  an  important  extent. 

It  is  fashionable  at  present  to  decry  river  supply,  butmueh 
of  the  objection  really  existing  is  duo  to  want  of  care  in  use  and 
management  Men  of  genius,  like  Frederick  Graff",  the  father 
of  the  Schuylkill  supply,  can  me(»t  unusual  dilficulties  by  sim- 
ple and  eff^>ctive  means,  and  the  metiiods  deserve  close  study. 
On  a  comparatively  wmall  river,  like  the  Snhuylkill,  the  time 
may  come  when  t+ie  pollutions  accumnLite  too  fast  for  any  rem- 
edy, and  a  better  source  must  be  sought  by  a  city  grown  rich 
enough  to  afford  the  change :  but  the  sanitary  department  of 
supply  and  u«e  has  been  muck  neglected  in  various  prominent 
instances,  and  simple  remedies  neglected. 

In  connection  with  this  rapid  sketch  of  the  various  kinds 
and  use  of  supply  reservoirs,  as  lakes,  rivers,  creeks,  artesian 
and  underground  for  control  of  uavig.ition,  floods,  mill  supply 
and  city  use,  various  questi(ms  arise,  which  we  can  only  name 
here. 

Our  hydraulic  records  and  literature  are  still  conflicting 
and  indefinite  as  to  measurement  of  rainfall  and  snow,  percent- 
age of  catchments  at  diflerent  levels,  rates  and  proportions  of 
flow  from  forest,  uncultivated  and  improved  areas,  loss  and  gain 
by  evaporation  and  condensation,  effects  of  formation,  wave 
wa«ih,  absorption,  filtration,  leakage,  waste-weir  section,  floods, 
ruptures,  contamination,  fermentation,  depuration  and  other 
conditions  and  contingencies. 

Passing  these  as  proper  subjects  for  society  examination,  I 
propose  to  discuss  chiefly  two  important  questions  of  construc- 
tion and  use  oi  service  reservoirs,  which  impressed  themselves 
stronglj'  on  my  mind  wlien  engaged,  more  than  thirty  years  ago, 
on  plans  for  tlie  Hamilton,  Rochester  and  Brooklyn  Water 
Works. 

In  one  of  these  cases  the  supply  was  limited  to  pumping 
from  Lake  Ontario;  in  another,  to  a  similar  plan,  or  by  gravita- 
tion from  distant  lakes  ;  in  the  tliird,  to  gravitation  from  a  series 
of  mill  ponds,  supplied  from  the  great  underground  water  bed 
at  a  low  level,  with  a  pumping  supply.  Service  reservoirs  were 
therefore  necessary  in  each  case,  to  be  maintained  at  a  high 
level  in  reference  to  the  city,  involving  questions  of  location, 
capacity  and  detail  construction. 
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As  the  Brooklyn  supply  was  the  most  Important  of  these, 
I  will  use  it  for  an  illustration,  as  put  under  contract  May  3, 
1856,  when  Chief  Engineer  of  The  >;as8au  Water  Company. 

The  population  was  then  about  210,000,  and  a  supply  of 
10,000,000  gallons  per  day,  was  assuming  a  very  liberal  basis  of 
use  for  that  day  ;  and  the  ratio  is  not  much  exceeded  now,  being 
about  54  gallons  per  head. 

The  only  available  site  for  a  service  reservoir  within  the 
city,  at  a  commanding  elevation,  was  Mount  Prospect,  but  the 
area  was  limited  for  a  proper  reserve  for  contingencies.  It  was 
decided,  therefore,  as  a  matter  of  economy  in  aqueduct  length 
and  pumping  lift,  to  place  the  main  service  reservoir  about  five 
miles  east  of  the  distribution  center,  where  a  much  larger  site 
was  available,  and  a  flat  of  48.4  acres  was  purchased,  with 
adjacent  lands  suitable  for  extensions,  on  which  a  reservoir  of 
25.58  acres  water  surface  and  20  feet  pondage  depth  was  planned 
at  an  elevation  of  167  feet  above  tide,  capacity  161,220,000  gallons. 

Mount  Prospect  reservoir  was  adopted  as  an  auxiliary  in 
the  eitj',  with  11-08  acres,  20  feet  de(>th,  and  20,000,000  gallons 
storage,  the  joint  storage  being  181,222,000  gallons  or  about  18 
days'  supply. 

The  reserve  of  New  York  City  at  that  time  was  "Murray 
Hill"  reservoir,  21,000,000  gallons,  and  "Manhattan"  150,000,000, 
or  171.000,000  for  a  population  of  630,000.  This  was  increased  in 
1862,  by  the  new  reservoir  of  1,000.000,000  gallons. 

The  City  of  London  was  then,  as  in  the  main  it  now  is, 
under  the  intermittent  system  of  distribution,  each  company 
dividing  its  supply  into  districts,  but  one  of  which  was  supplied 
at  a  time,  and  in  no  case  more  than  once  a  day,  sometimes  not 
more  than  three  times  a  week  ;  the  periods  of  supply  being  three- 
quarters  to  three  hours  ;  the  cisterns  or  other  receptacles  being 
usually  near  street  grade,  and  the  flow  coming  mainly  from  the 
engine  house  stand  pipes.  This  modified  the  relation  of  the 
service  reservoirs  to  the  distribution,  except  for  fire  service.  For 
a  population  of  2,157,000,  27  reservoirs  in  all  were  in  use,  with  a 
joint  area  of  about  147  acres  ;  capacity,  216,000,000  gallons  ;  daily 
supply,  45,000,000.     Seven  of  the  nine  companies  pump  by  steam. 

Philadelphia,  from  the  Schuylkill,  had  a  group  of  five  res- 
ervoirs, capacity  about  47,000,000  gallons  at  Fairmount ;  one  at 
Spring  Garden  of  9,800,000  gallons ;  two  from  Delaware  river, 
9,284,000  ;  total  about  68,000,000' gallons  ;  population  in  1855  about 
450,000. 

It  was  evident,  therefore,  that  with  a  location  favorable 
for  enlargement  of  Ridgewood  reservoir,  unusual  provision  was 
made  for  service  reserve,  in  a  case  wheie  pumping  capacity,  up 
to  30,000,000  gallons  per  day,  was  prorided  for,  one  engine  house, 
with  room  for  twice  this  amount,  and  3,750,000  gallons  per  day 
at  Mount  Prospect,  with  room  for  twice  the  amount. 

Yet,  as  a  lesson  of  the  day  on  reserve,  location  and  capac- 
Itj,  the  population  and  demand  have  grown  to  more  than  three- 
fold, in  what  in  city  life  is  a  very  short  time,  and  preliminary 
steps  have  been  taken,  by  purchase  of  additional  lands,  for  res- 
ervoir enlargement. 

Another  question  of  reservoir  sites  was  determined  here. 
To  pump  the  Mount  Prospect  supply  once  into  Ridgewood,  with 
103  feet  lift,  and  again  from  a  30-inch  main  into  Mount  Prospect, 
involved  a  special  outlay  of  capital  for  engine  house,  engines, 
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mains  and  operation,  an  auxiliary  site  commanding  the  upper 
district  not  being-  available  at  Ridg-ewood.  Such  a  site  could 
have  been  supplied  from  the  main  engines,  but  involved  an  in- 
dependent distributing  main  of  five  miles  to  its  special  district, 
with  much  greater  frictional  loss. 

Besides  tliis,  there  was  an  obvious  advantage,  for  fire  pur- 
poses, in  an  auxiliary  reservoir  within  the  city  ;  and  while,  in 
1860,  it  would  have  been  cheaper  to  pump  the  entire  supply  more 
tliau  34  feet  higher,  at  Ridgewood,  the  time  would  come  when 
increase  of  demand  would  make  the  plan  adopted  much  the 
most  economical. 

The  question  of  detail  construction  for  so  large  a  reservoir, 
was  next  in  order,  in  a  ease  where  economy  was  a  paramount 
consideration. 

A  study  of  careful  cross  sections  taken  showed  that  the 
pondage  basin  must  be  located  with  the  southerly  bank  along 
the  crest  of  tiie  r.dge,  which  sloped  rapidly  to  the  south  and 
overlooked  a  populous  district.  Safety,  as  well  as  economy, 
required  n  rentricteJ  depth  to  retluce  water  pressure  and  cost  of 
liniug,  while  a  very  shallow  depth,  exposed  to  solar  action,  was 
inadmissible.  Twenty'  feet  was  theiefore adopted  as  the  standard. 
Knowledge  oi  wave  wash  and  its  contingencies,  made  it  essential 
for  such  a  bank,  to  allow  not  less  than  4  feet,  giving  a  total 
average  depth  of  24  feet,  with  a  floor  dip  towards  the  effluent 
gate  house. 

With  the  best  material  for  earthwork  at  hand,  and  a  small 
deposit  of  clay  within  the  grounds,  the  pondage  lining  was  the 
next  study  ;  and  here  there  was  no  (juestion  that  the  practice  of 
the  ancient  engineers  with  works  in  use  to-day,  and  of  the  best 
modern  examples  was  in  favor  of  water  tight  faces. 

Of  the  27  reservou's  in  London,  21  were  lined  with  sub- 
stantial brick  masonry,  except  occasional  cases  of  small  basins 
with  concrete  slopes.  This  plan  was  adopted  at  Philadelphia 
by  jNIr.  Grotl",  and  in  other  cases  ;  and  at  Albany,  on  the  Erie 
Canal,  and  elsewhere.  I  iiad  seen  the  evils  of  dry  stone  work  too 
clearly  to  adopt  it  here.  Yet  dry  stone  protection  was  the  rule 
of  the  day,  and  is  very  much  used  yet. 

Elevated  service  reservoirs  are  always  dangerous  struc- 
tures in  any  locality,  and  engineers  who  have  had  to  measure  \he 
damages  caused  by  rupture,  know  how  appalling  thej"-  may 
some  times  be.  If  their  safety  depends  on  the  proper  couliue- 
meut  of  a  large  body  of  water,  which  is  Incessantly  at  Avork 
airainst  its  walls,  and  earth  banks  are  depeiided  on  to  guard  it, 
it  must  not  be  permitted  to  act  on  so  soluble  a  structure.  The 
only  way  to  protect  an  earth  reservoir  bank  or  floor  is  to  keep  it 
dry  ;  otherwise  pressure,  storm  wash,  motion,  leakage,  frost  or 
animals  may  weaken  and  de>^troy  it.  The  usual  one  and  a  half 
and  one  slope  is  far  from  being  an  angle  of  repose  for  an  earth 
bank,  and  to  stand  water  wash  it  needs  to  be  four  or  five  to  one. 

Dry  work,  properly  laid,  requires  much  more  time  for 
selection  and  fitting  than  cement  work,  for  the  same  section  and 
slope;  it  requires  a  better  class  of  stone  throughout;  and  the 
cost  of  hydraulic  cement  mortar,  in  itself,  does  not  add  more  than 
SI  .20  per  cubic  yard,  or  about  the  cost  of  the  cement  mortar,  to 
that  of  dry  work,  for  the  same  stone.     At  Ridgewood  we  paid 


76 

$1.50  for  the  dry  stone  liuiug,  aud  $2.50  for  similar  wall  in  cement 
with  full  joints.  The  repair  accounts  of  dry  walls  on  various 
public  works  has  been  a  formidable  item. 

Experience  also  shows  that  a  well  puddled  and  bricl? 
covered  reservoir  floor  would  have  prevented  some  costly  bottom 
leaks  and  ruptures. 

In  a  Report  on  the  Hudson  River  and  Chaniplain  Canal 
Improvement,  made  to  the  State  Engineer  of  New  York,  in  1867, 
I  had  occasion  to  show  that  a  solid  masonry  canal  slope  wall 
one  third  to  one,  with  4^  feet  concrete  footing  and  30  inch  wall 
could  be  built  and  coped  for  less  than  the  one  and  a  quarter  to 
otie  dry  slope  wall,  which  has  been  an  endless  cause  of  wash, 
rupture  and  repair  along  the  entire  canal  system  of  the  State. 

If  the  experience  of  our  reservoirs  similarly  lined  was 
properly  collected  It  wo^ild  certainly  end  their  construction,  as 
it  would  similar  constructions  for  mill  power  races,  dams  aud 
other  faces  exposed  to  wash  and  frost. 

For  both  Brooklyn  reservoirs  the  following '  specification 
was  adopted : 

"The  inside  slopes  to  be  carefully  puddled  for  two  feet  in 
depth,  then  covered  with  a  substantial  layer  of  cement  mortar 
and  gravel  (concrete),  not  less  than  three  inches  thick,  over 
which  a  wall  of  brick  masonry  shall  be  built  eight  inches  thick 
to  the  embankment  top,  and  covered  with  a  flag  coping  not  less 
than  three  feet  wide,  by  five  inches  thick.  The  bottom  of  the 
apartments  to  be  similarly  puddled  and  covered  with  best  paving 
brick  laid  on  their  edges  aud  carefully  grouted." 

In  the  Ridgewood  case  this  theory  was  fully  confirmed  by 
negative  experience.  A  change  in  the  direction  took  place  in 
]8o6,  and  some  changes  in  plan  in  1857.  The  slope  lining  was 
thus  specified : 

"The  water  slopes,  unless  otherwise  directed,  to  be  paved 
with  a  well  laid  stone  paving  one  foot  thick,  the  stone  used  to  be 
sound  and  of  proper  shape  to  make  neat  and  comjiact  work  ;  aud 
oj^euings  between  said  stone  to  be  well  pinned  and  packed  ;  to 
be  equal  in  every  respect  to  the  receiving  reservoir  of  the  Croton 
work.     The  paving  to  be  laid  on  a  bed  of  gravel  or  small  stones." 

A  considerable  length  of  slope  was  lined  under  this  speci- 
fication, under  Mr.  Kirkwood's  personal  inspection,  as  a  pattern 
for  the  rest ;  it  was  as  cheap  for  the  sub-contractors  to  use  15  to 
18  inch  stone,  and  the  wall  was  thus  laid,  with  about  five  inches 
of  small  stone  backing.  When  about  seven  feet  of  water  was 
pumped  into  the  eastern  division  in  1858,  the  wave  wash  cut  the 
embankment  behind  the  wall  so  rapidly  that  the  water  was 
drawn  down,  the  injured  sections  repaired  an  I  the  entire  lining 
carefully  filled  in  with  cement,  grout  and  pointing. 

This  involved  a  change  in  the  dry  wall  of  the  new  Croton 
reservoir,  then  under  contract,  to  cement  stone  masonry.  The 
Mount  Prospect  reservoir,  built  according  to  the  original  specifi- 
cations, illustrates  to-day  its  advantages.  For  convenience  of 
construction,  however,  it  is  best  to  increase  tlie  concrete  thick- 
ness and  reduce  that  of  the  puddling. 

The  second  prominent  feature  of  Ridgewood  reservoir  was 
the  provision  for  depuration  by  subsidence  and  decantation. 

Reserve  capacity,  at  a  commanding  level,  is  not  the  only 
great  advantage  of  service  reservoirs ;  and  various    instances 
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cited,  when  great  capacity,  without  proper  circulation,  becomes 
an  injury  to  the  supply. 

As  all  conduits  carry  more  or  less  solid  matter,  a  suflScient 
receiving  chamber  to  allow  subsidence  is  desirable.  Impure 
water  being  heavier  than  pure,  subsidence  is  easily  had ; 
the  surface  clarified  can  then  be  decanted  from  one  division  to 
another,  with  the  sanitary  beuefits  of  circulation  and  aeration, 
as  Mr.  GratF  did  with  the  four  divisions  at  Fairmount. 

Not  only  were  the  engineers  of  past  centuries  specially 
careful  to  select  pure  sources  of  supply,  but  on  various  aqueduct 
lines  reservoirs  were  built  at  intervals  of  about  four  miles, 
which  facilitated  repairs  and  promoted  subsidence  and  aeration. 
In  Turkey  the  souterazi  towers,  on  aqueducts  crossing  plains, 
were  practically  oi^en  aerating  stand  pipes,  up  and  over  which 
the  supply  passed,  and  in  the  castello  of  Rome  various  chambers 
received  the  supply  in  turn,  this  was  also  the  case  with  rain 
water  cisterns. 

Fermentation  records,  in  American  experience,  thirty 
years  ago  were  not  so  full  as  now,  but  enough  was  familiar  to 
me  then  to  prove  that  even  so  admirably  filtered  a  suj^ply  as 
that  of  our  Long  Island  ponds,  wouhi  be  improved  by  proper 
decantation,  and  for  this  purpose  the  reservoir  was  planned  with 
three  divisions,  with  three  surface  decantations  an(i  the  open  air 
Inflow  chambers.  This  was  also  aboudoued  in  actual  ci  instruc- 
tion, and  Brooklyn  suffers  more  or  less  on  this  account. 

The  experience  of  my  native  city,  Albany,  may  be  cited 
in  point.  About  1852  it  abandoned  a  small  and  very  valuable 
gravitation  supply,  with  an  expensive  covered  reservoir,  and 
refusing  to  pump  from  such  a  river  as  the  Hudson,  adopted  an 
expensive  gravittition  supply  from  a  stream  exposed  to  contami- 
nation, using  large  and  shallow  supply  reservoirs  without 
decantation  or  much  circulation.  After  suffering  for  a  long  time 
from  fermentation,  resort  was  made  at  great  cost,  to  the  Hudson, 
but  not  above  the  city  front,  and  without  care  as  to  reservoir 
arrangement ;  and  now  another  large  expenditure  is  being  made 
for  a  gang  well  supply',  u'hen  it  is  obvious  that  the  third  system 
is  far  superior  to  the  others,  properly  used,  and  could  have  been 
made  so,  with  moderate  outlay. 

The  ancient  reservoirs,  as  a  rule,  were  protected  from  the 
sun,  and  the  sanitary  advantages  of  covers  are  obvious.  At 
Ridgewood  or  Mount  Prospect  the  areas  were  too  large  for  any 
permanent  construction  of  the  kind.  Wherever  the  precaution 
can  be  adopted  it  is  wise  to  use  it. 

It  follows  from  what  has  been  said,  that  influent  chambers 
with  ample  time  for  subsideuce,  should  be  provided  with  proper 
bottom  blow  off,  for  occasional  cleansing.  In  cases  of  noxious 
fermentaliou  the  process  may,  at  times,  with  care  be  confined 
chieflj'  to  the  first  division,  since  water  thus  affected  rapidly 
sinks,  while  the  surface  can  deliver  a  corrected  supply  to  the 
next  division. 

It  also  follows  that  the  eflluent  gate  house  should  not 
deliver  a  bottom  supply,  as  is  done  now  in  notable  cases,  but  the 
outflow  should  be  taken  from  near  the  surface  by  proper  screens 
and  passages.  If  time  would  permit  this  might  be  forcibly  illus- 
trated ;  but  enough  has  been  said  to  present  the  special  theories 
of  construction  advocated. 
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The  Secretary  read  a  short  paper  by  Associate  Mem- 
ber Richard  Beaumont,  entitled  "  Experiments  to  determine 
the  value  of  frost  jackets  in  fire  hydrants." 

On  motion,  the  paper  was  laid  upon  the  table. 

Mr.  Decker  moved  that  the  rest  of  the  morning  ses- 
sion be  devoted  to  "Questions  and  Answers."  Secon- 
ded and  carried. 

Question: — "What  warrant,  based  on  just  treat- 
ment of  the  public  at  large,  is  there  for  making  a  lesser 
rate  for  power  for  operation  of  elevators  and  mechanical 
uses  than  for  consumption  for  culinary  purposes  ! " 

Mr.  Dunham  : — I  would  like  to  inquire  whether  tbat 
refers  to  quantity,  and  is  the  rate  per  thousand  gallons  ? 

The  President: — I  so  understand  it. 

Mr.  Dunham  : — Elevators  usually  take  more  water 
than  is  used  for  culinary  purposes  in  the  same  establish- 
ment, and  naturally  it  would  be  cheaper  in  an  increased 
quantity. 

Mr.  Lakin  : — I  do  not  know  how  private  corporations 
would  figure  that  out,  but  as  a  city  we  base  those  rates 
upon  the  fact  that  we  can  pump  a  million  gallons  moie 
cheaply  than  we  can  pump  a  hundred  thousand  gallons. 
If  we  pump  you  five  thousand  gallons  of  water,  we  can 
putn])  that  for  you  more  cheaply  than  we  can  pump  a  barrel 
— ;just  as  you  can  go  to  a  wholesale  house  and  buy  a  car- 
load of  goods  more  cheaply  than  you  can  a  small  quantity. 

Mr.  Denman  : — Mr.  Chairman,  I  suppose  that  the 
writer  of  the  question  intended  it  in  this  way:  It  is  a 
fact,  I  believe,  that  in  some  cities  water  is  furnished  for 
specific  purposes  more  cheaply  than  it  is  furnished  for 
other  purposes.  I  mean  the  same  quantity  of  water. 
^yater  is  furnished  for  elevators,  for  instance,  and  for  me- 
chanical purposes,  more  cheaply  than  it  is  furnished  to 
railroads,  we  will  sui)pose,  for  the  sake  of  illustration.  It 
is  furnished  for  elevators  at  a  cheaper  mte  than  it  is  fuT- 
nished  to  hotels.  Of  course,  I  speak  now  of  the  same 
quantities.  If  a  hotel  uses  a  million  gallons  a  month,  and 
an  elevator  uses  the  same  quantity,  we  are  very  apt  to 
concede  a  reduction  in  price  to  the  elevator.  Xow,  the 
question  was  intended  to  cover  that  matter,  I  presume. 
Why  should  we  make  any  difference  in  the  schedule  as  to 
the  pur]>08e  for  which  the  water  is  used  f 

Mr.  Richards: — With  us.  we  have  one  established 
rate  for  all.     Every  consumer  is  required  to  put  on  a  meter 
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and  we  have  one  rate  for  large  and  small.  It  was  argued 
before  the  Board  that  as  the  large  consumer  was  using 
water  by  the  wholesale,  he  ought  to  have  it  for  less  than 
the  small  consumer.  But  it  was  said  on  the  other  side 
that  the  large  consumer  was  just  as  well  able  to  pay  a 
certain  rate  per  thousand  gallons  as  the  small  one.  A 
great  many  smaller  consumers  are  using  it  because  they 
are  obliged  to,  for  sanitary  purposes,  etc.,  and  perhaps 
they  are  no  belter  able  to  pay  twenty-five  cents  a  thousand 
than  the  large  consumer  would  be  to  pay  twelve  and  a  half 
cents  a  thousand.  So  there  is  just  one  rate  fixed  for  all. 
I  don't  know  whether  that  rule  would  apply  so  well  to 
private  Water  Companies.  Ours  is  a  water  works  owned 
by  the  city,  and  the  citizens  claim,  and  perhaps  justly,  too, 
that  if  there  are  any  privileges,  the  common  citizen  ought 
to  have  them. 

Mr.  Troy  : — I  will  state,  as  a  representative  of  a 
private  corporation,  that  we  have  adopted  a  sliding  scale, 
so  that  the  large  consumer  shall  pay  a  less  rate  than  the 
small  consumer.  As  our  friend  says,  the  large  consumer 
is  a  wholesale  dealer,  and  the  retail  dealer  should  pay  a 
little  more  for  it. 

Mr.  Tubes  : — Mr.  President,  I  am  one  of  those  who 
take  rather  radical  grounds  on  the  subject,  perhaps.  I 
am  inclined  to  the  opinion  that  the  prime  motive  back  of 
all  the  laws  of  the  different  states  granting  franchises  for 
water  works,  or  allowing  cities  to  construct  them  for 
themselves,  is  that  the  citizens  should  be  provided  with  a 
sufficient  amount  of  pure,  wholesome  water  for  their  com- 
fort, for  their  needs  and  for  their  health.  It  is  to  conserve 
these  ends.  I  do  not  believe  that  the  law  contemplates 
that  any  municipality  should  form  itself  into  a  hydraulic- 
canal  company  for  the  purpose  of  furnishing  power  for 
manufacturing  purposes.  It  is  true  that  modern  conveni- 
ence and  luxury  have  required  the  use  of  elevators.  They 
have  required  a  good  many  uses  of  water  for  various  pur- 
poses which  are  not  really  necessary  for  conserving  the 
particular  purposes  for  which  I  think  the  law  was  created. 
Hence,  in  my  opinion,  there  is  no  reason  why  a  reduction 
in  price  should  be  made  to  the  manufacturer  or  to  the  man 
who  runs  an  elevator,  or  for  any  mechanical  purpose.  On 
the  contrary,  as  the  theory  I  have  advanced  is  that  it  was 
to  conserve  the  health  and  comfort  of  families  rather  than 
anything  else  that  the  law  was  created,  I  am  of  the  opinion 
that  if  anyone  is  to  receive  the  benefit  of  low  rates,  it 
should  be  the  household  consumer. 
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Mr.  Denman  : — Mr.  Chairman,  I  have  in  my  hand 
here  meter  rates  from  one  of  the  largest  cities  of  the 
Union.  They  are  divided  into  three  classes :  "  General 
meter  rates,  30,000  gallons  or  less  per  month,  35  cents  per 
1,000  gallons.  Manufactnring  meter  rates.  30,000  gallons 
or  less  per  month,  241  cents.  Elevator  and  motor  rates, 
50,000  gallons  per  month  or  less,  30  cents."  There  are 
three  distinct  rates.  There  are  a  good  many  companies 
that  do  the  same.  I  have  myself  steadily  resisted  that 
kind  of  thing.  We  happen  to  have  in  onr  Board  of  Direc- 
tors two  or  three  men  who  are  running  elevators,  and  they 
are  anxious  to  have  special  rates  made  for  elevators. 
They  have  not  yet  accomplished  it,  and  I  doubt  very  much 
if  they  will  under  the  present  management;  but  they  have 
these  examples,  and  one  of  them  has  collected  perhaps 
twenty  rates  from  various  cities  which  suit  his  purposes. 

Mr.  Tubes  : — I  omitted  to  make  one  suggestion  in 
regard  to  the  matter,  and  that  is,  in  the  making  of  these 
laws  allowing  companies  to  take  water  for  municipal  sup- 
plies usually  they  are  allowed  to  take  adversely — to  take 
water  from  lakes,  streams,  ponds,  etc.,  even  as  against  tlie 
rights  of  the  riparian  owner,  without  making  compensation. 
Xow  the  taking  of  such  ii  qnantity  as  is  required  for  man- 
ufacturing uses,  and  uses  of  that  character,  makes  the 
corporation,  whether  it  is  a  private  company  or  a  munici- 
pality, a  semi-hydraulic  power  company,  and  I  think  it  is 
doing  an  injustice  to  the  riparian  owner  from  whom  the 
stream  is  diverted,  as  well  as  to  all  others  concerned,  to 
make  that  distinction. 

Mr.  Decker  : — Mr.  President,  I  take  it  from  the 
tenor  of  the  question  that  it  refers  particularly  to 
where  equal  amounts  of  water  are  used,  but  applied  to 
different  uses.  I  am  opposed  to  the  theory  of  making  a 
difference  in  rate  where  equal  amounts  of  water  are  used. 
I  have  here  a  record  from  a  certain  city  in  this  country 
where  they  make  a  difference  of  about  twenty-live  per 
cent,  between  the  elevator  and  the  general  uses  of  their 
hotels.  The  water  is  carried  in  the  same  i)ipe  to  the  same 
point,  and  certainly  at  about  the  same  expense,  and  the 
uses  are  nearly  the  same.  For  instance,  in  a  certain  month 
I  find  that  four  hotels  used  as  follows: 

GENERAL    USES. 

No.  1.-346,000  gallouH  @  15  cents $  51  90 

No.  2.— 493,500         "  "         " 74  00 

No.  3.— 500,000         "  "         "     75  00 

No.  4.— 910,000        "  "         "     136  00 
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ELEVATOR. 


No.  1.-464,500  gallons  @  12^  cents $58  95 

No.  2.— 400,000        "  "         "      50  00 

No.  3.— 400,000         "  "         "      50  00 

No.  4.— 388,000        "  "         "      48  50 

In  nearly  all  these  cases  the  elevator  is  using  a 
smaller  quantity  of  water  than  the  house  uses,  and  yet  it  is 
furnished  at  a  rate  about  twenty-tive  per  cent,  less  than 
the  house  service.  This  may  be  policy  but  there  certainly 
is  neither  justice  nor  equity  in  it.  Nor  do  I  believe  in 
discriminating  between  consumers.  For  instance,  a  man 
who  is  keeping  a  livery  stable  may  use  it  for  washing  his 
buggies.  He  may  use  25,000  gallons  a  day  and  i)ay  a  rate 
of  20  cents  per  1000,  while  his  neighbor,  who  runs  a  little 
one-horse  power  engine,  and  uses  but  a  small  quantity, 
gets  it  at  12^  cents  per  1000  gallons. 

Mr.  Troy  : — We  make  no  difterence  in  regard  to  the 
consumer,  whether  he  is  a  manufacturer,  runs  an  elevotor 
or  uses  it  for  domestic  purposes.  We  meter  it  to  him.  If 
he  uses  so  many  thousand  or  hundred  gallons  a  day,  we 
give  it  to  him  at  a  certain  price.  If  he  uses  above  a 
certain  amount,  we  give  it  to  him  at  another  price.  There 
is  a  sliding  scale,  irrespective  of  what  his  business  is, 
whether  he  is  a  manufacturer  or  private  consumer. 

Mr.  Dunham:  —  It  seems  to  me  that  something 
might  be  charged  for  the  service  rendered.  Now,  in  the 
instance  mentioned  by  Mr.  Decker,  if  it  is  of  advantage  to 
the  livery  man  to  have  the  water  under  pressure  to  wash 
his  carriages,  and  it  is  not  to  the  advantage  of  the  man 
who  runs  the  engine  to  have  the  water  under  pressure  in 
dilivering  it  to  the  boiler,  it  seems  as  if  we  might  dis- 
criminate there.  I  know  of  a  city  where  there  are  two 
services,  a  high  and  a  low  service.  In  one  there  is  a 
pressure  of  130  pounds  to  the  square  inch,  in  the  other 
about  40  pounds.  Tliey  are  connected  by  a  regulating- 
pressure  valve.  Now,  in  that  city  they  have  elevators. 
They  frequently  connect  an  elevator  with  the  high  service 
and  discharge  into  it  the  low  service.  The  water  in  that 
case  is  not  used  at  all  except  as  a  power.  It  passes 
through  the  cylinder  of  the  elevator,  and  goes  directly 
into  the  low  service  to  supply  consumers,  precisely  the 
same  as  if  it  went  through  a  pressure  valve,  and  they 
charge  for  that  service  about  two  thirds,  I  think,  of  the 
amount  they  would  charge  if  they  delivered  the  water 
directly  to  the  consumer;  and  it  seems  to  me  there  is 
some  reason  in  it. 
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Question  : — "  Where  water  is  sold  by  meter  under  a 
schedule  of  rates,  has  a  consumer  a  right  to  sell  to  his 
neighbor  without  consent  of  the  company?" 

Mr.  Decker  : — No,  sir. 

Mr.  Lakin  : — How  do  you  know  he  has  not  I  Where 
do  you  get  your  right  to  sell  it  ? 

Mr.  Decker  : — Simply  because,  if  this  applies  to 
private  companies,  in  almost  all  cases  the  company  has  a 
franchise  nearly  exclusive,  under  certain  conditions  and 
for  certain  considerations.  It  receives  from  the  city  a 
right  to  sell  water,  wt^ch  the  consumer  does  not,  and  in 
his  agreement  with  the  company  he  (the  consumer)  agrees 
to  take  water  for  certain  purposes  and  for  certain  uses 
only,  and  does  not  agree  to  take  it  to  retail  to  his  neigh- 
bors.    I  think  that  is  the  case  almost  universally. 

Mr.  Lakin  : — I  suppose  it  is  all  right,  but  if  I  was 
running  a  private  works,  it  would  not  make  any  difference 
to  me  where  the  money  came  from  so  long  as  I  received 
it,  where  the  water  ran  through  a  meter. 

Mr.  Richards  : — You  can  very  largely  overcome 
that  by  establishing  a  minimum  rate  to  each  'consumer, 
and  even  though  they  should  take  the  water  from  the 
same  meter  or  the  same  service  pipe,  you  could  require 
the  payment  of  this  minimum  rate  from  both.  That  is  the 
l)lan  we  have  adopted.  We  allow,  for  instance,  two  con- 
sumers to  run  a  joint  service  pipe  in  and  take  water 
through  the  same  meter,  but  we  collect  for  5,000  gallons  a 
month,  if  a  man  uses  but  five  gallons.  That  is,  we  collect 
from  each  consumer  a  minimum  rate  of  85  cents  per 
month,  $10.00  a  year. 

Mr.  Decker  : — That  is  not  the  intent  of  the  ques- 
tion, as  1  understand  it.  Then  one  party  does  not  sell  to 
the  other;  the  water  company  does  the  selling.  This 
(question  refers  to  the  right  of  a  consumer  to  sell  to  a 
neighbor  and  receive  pay  therefor. 

Mr.  Dunham  : — Mr.  President,  I  think  that  is  per- 
fectly fair,  to  have  a  minimum  rate  for  meter  service. 
Then  if  the  water  is  taken  to  a  neighbor,  and  both  use  the 
meter,  let  them  both  pay  the  minimum  rate. 

The  President  : — I  suppose  in  most  cases  these 
matters  are  regulated  by  the  by-laws  and  rules  of  the 
company.    Judging  by  the  discussion,  ,there  is  very  far 
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from  uniformity  in  these  matters  about  the  country,  and  I 
suggest  that  if  some  one  of  the  members  would  take  this 
matter  into  consideration,  sum  up  the  general  points  of 
rules  and  regulations  in  different  parts  of  the  country,  and 
give  us  information  about  it,  we  could  perhaps  bring  this 
down  to  a  more  simple  and  more  uniform  standard  here- 
after. Bring  together  also  the  main  points  of  the  legisla- 
tive enactments  in  the  different  States.  Mr.  Denman  has 
done  something  in  that  line  on  another  question,  and  given 
us  some  very  valuable  points,  and  I  wish  some  one  might 
do  the  same  service  in  this  line  of  fixing  rates  and  rules 
stating  what  the  general  practice  is  in  the  different  parts 
of  the  country,  and  what  the  general  legislative  action  has 
been  under  which  these  by-laws  are  made. 

Mr.  Troy  : — I  will  state  for  our  company  that  we 
have  adopted  a  rule  that  no  consumer  shall  at  any  time 
furnish  water  to  any  parties  unless  the  parties  show  a 
written  permit  from  the  company.  We  make  that  rule 
imperative,  so  that  we  know  exactly  where  our  water  is 
going  at  all  times. 

Mr.  Denman  : — There  is  nothing  like  sticking  to  the 
question.  It  is  easy  enough  to  tell  how  you  do  it,  but  that 
does  not  answer  the  question.  Has  a  consumer  a  right  to 
furnish  his  neighbor  with  water,  even  though  he  taj>;es  his 
water  through  a  meter  f  Somebody  shakes  his  head. 
Xow,  if  I  buy  a  thousand  gallons  of  water  it  is  mine, 
have  n't  I  a  right  to  with  it  as  I  please  ? 

Mr.  Lakin: — Yo;i  bet  you  have,  every  time.  It  is 
yours ;  you  pay  for  it. 

Mr.  Troy  : — Don't  you  buy  water  under  certain  re- 
strictions from  the  water  company  ? 

Mr.  Denman  : — Xo,  not  as  to  what  I  shall  use  it  for. 
I  agree  to  pay  for  it.  I  may  use  it  for  anything  I  have  a 
mind  to,  for  sprinkling  my  lawn  or  my  neighbor's  lawn,  or 
anything  I  want  to.  I  have  bought  it  and  it  is  mine,  pro- 
viding I  pay  for  it.  Let  us  go  a  step  farther.  We  all  have 
schedules  of  rates.  The  sense  of  the  meeting,  evidently 
from  the  discussion  of  the  former  question,  is  that  a  large 
consumer  ought  to  get  water  more  cheaply  than  a  small 
consumer.  Suppose  a  consumer  is  getting  it  at  a  30  cent 
rate,  and  the  natural  and  legitimate  use  of  water  by  that 
consumer  would  bring  him  under  the  highest  rate.  But 
he  says  to  his  neighbor,  "See  here ;  you  take  water  from 
me;  I  will  pay  for  it,  and  we  will  adjust  the  bill  by  our 
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meter  rates."  And  by  that  means  he  drops  his  rate,  and 
his  neighbor's  as  well,  down  to  the  next  rate.  Has  he  a 
right  to  do  that  ?  That  is  what  that  question  means.  When 
he  buys  water  has  he  a  right  to  sell  it  at  retail  to  anybody? 

Mr.  Gerecke  : — Where  it  is  a  question  of  meter 
rates  or  where  the  water  is  measured,  should  there  not  be 
then  a  special  contract  with  the  company  ?  I  come  from 
x^ewburgh,  where  the  water  is  supplied  to  the  city  by 
gravity,  and  the  water  taxes  based  on  frontage,  heights  of 
houses,  and  the  number  of  families  in  them,  and  then  only 
pay  a  certain  rate  by  the  year.  We  tried  to  introduce 
meters  there,  but  the  common  council  would  not  let  us. 
A  few  consumers,  breweries  and  paint  works,  had  to  pay 
a  very  high  rate  for  their  water,  and  actually  the  city  drove 
them  out  of  business.  They  had  to  move  away  on  account 
of  the  high  water  rates.  For  elevators  and  such  things 
they  only  paid  $50  a  year ;  steam  engines  were  rated  by 
the  horse-power;  they  had  to  pay  a  certain  rate  per  horse- 
power, up  to  five  or  ten  or  fifteen.  They  complained 
because,  for  instance,  livery  stables  would  let  the  water 
run  all  the  time  without  a  stop-cock  on  the  hose.  We 
wanted  to  put  meters  on  and  the  council  stopped  us.  I  find 
in  the  West  they  are  all  using  meters,  and  I  think  where 
meter  rates  are  introduced  on  a  sliding  scale  they  should 
be  controlled  by  special  contracts. 

Question  : — "In  case  of  a  contract  to  furnish  water 
for  a  specified  sum  per  annum,  the  maximum  amount  of 
water  permitted  to  be  used  being  also  defined,  has  the  con- 
sumer the  right  to  sell  or  dispose  of  the  unused  balance  ? 
Can  he  be  restrained  from  wasting  such  unconsumed 
balance  ? 

Mr.  Larkin  : — That  has  been  answered.  We  have 
just  discussed  that. 

Mr.  Dunham  : — I  wanted  to  reply  to  Mr.  Denman's 
statement,  and  tried  to  reply  to  it  while  the  previous 
question  was  being  discussed  ;  but  this  question  is  practi- 
cally identical  with  the  other.  Is  it  not  true  where  a  city 
has  established  works  a  certain  relation  exists  between 
the  citizens  and  the  city,  as  to  the  manner  of  paying  for  the 
advantages  of  the  works  so  established  ?  It  is  not  ex- 
pressed in  the  rate  book,  perhaps,  but  is  it  not  safe  to  be 
inferred  that  they  are  to  assist  each  other  according  to  a 
fixed  and  somewhat  definite  rule  ?  And  can  they  ac- 
complish that  if  one  man  gets  an  advantage  by  taking 
water  through  another  man's  meter,  and  in  that  way  avoids 
paying  his  just  proportion  of  the  city  tax  ? 
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Mr.  Denman  : — I  see  a  difference  between  these  two 
questions.  One  is  where  the  quantity  is  not  named,  and 
the  other  is  where  you  agree  for  a  certain  sum  per  year  to 
furnish,  we  will  suppose,  a  railroad  company  with  a  certain 
quantity  of  water.  If  the  railroad  company  does  not  use 
the  quantity  that  is  stated  in  the  contract,  has  it  a  right  to 
dispose  of  the  unused  balance !  To  put  it  in  a  little 
plainer  form,  perhaps,  you  agree  for  one  thousand  dollars 
a  year  to  supply  a  railroad  company  with  20,000  gallons  of 
water  per  diem  and  no  provision  is  made  for  anything  in 
excess  of  that.  The  railroad  only  uses  15,000  gallons. 
Has  it  a  right  to  dispose  of  or  waste  the  5,000  gallons  per 
diem  that  it  does  not  use  ? 

The  President  : — We  have  just  a  few  minutes 
before  the  time  of  our  adjournment.  I  understand  Mr. 
Gerecke  has  a  volunteer  matter  which  is  not  very  lengthy, 
and  perhaps  we  can  hear  from  him  before  we  adjourn. 

Mr.  Gerecke  : — Mr.  President,  I  have  only  a  few 
remarks  to  make  about  a  question  that  I  heard  mentioned 
yesterday  by  our  President  in  his  paper  in  regard  to 
aerated  water.  I  think  the  method  of  aerating  water  is 
misused.  It  is  all  well  enough  to  aerate  water  to  dispose 
of  the  bad  smell  or  taste,  but  the  way  it  is  done,  by  putting 
air  into  the  pump,  is  erroneous  and  wrong.  I  have  been 
in  Chicago  now  only  about  two  months  and  a  half,  and  I 
have  found  a  state  of  affairs  there  which  shows  that  thing 
was  carried  on  too  far.  We  had  not  aerated  icater  there, 
but  we  had  icet  air  only.  The  aeration  of  water  was  car- 
ried on  to  such  an  extent  that  one  of  our  largest  engines 
did  not  pump  one  gallon  of  water  in  nine  years,  and  which 
should  have  supplied  32,000,000  gallons  of  water  a  day.  It 
seems  incredible,  but  that  is  a  fact,  and  you  can  see  that 
statement  in  one  of  the  reports  which  I  made  and  which 
is  printed  in  the  Aonerican  Kngineer.  It  is  too  lengthy  to 
read  here,  but  the  statements  are  made  and  proven. 

I  hear  also  that  in  many  cities  where  they  are  using 
steam  engines  for  pumping  they  are  using  a  considerable 
amount  of  air  for  air  cushions.  The  thiDg  is  simply  this  : 
The  valves  which  they  are  using  in  those  engines  are  con- 
structed wrong  ;  double-beat  valves  must  be  made  in  such 
a  way  that  they  open  easily  and  close  gradually,  and  when 
the  plunger  comes  to  the  end  of  the  stroke  the  valves 
should  be  closed.  We  have  found  great  trouble  from  the 
fact  that  the  valves  present  too  large  an  area  to  the  inflow 
of  water,  not  being  heavy  enough,  they  float ;  if  that  is 
remedied  you  will  find  that  your  pump  will  work  without 
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any  admission  of  air.  The  air  is  only  needed  to  supply  the 
air-cliamber  in  the  delivery  pipe  with  air,  make  a  cushion 
for  the  water  going  into  the  delivery  pipe,  and  keep  it  in 
motion  at  the  end  of  each  stroke.  As  soon  as  you  intro- 
duce air  into  the  pump-barrel  it  makes  it  very  unsafe,  as 
there  is  danger  of  bursting  the  pump  if  the  bucket  should 
strike  the  water  on  the  down  stroke.  That  very  thing  we 
had  in  Chicago  when  the  pumps  on  the  big  engine  burst. 
Both  pump-barrels  are  gone.  They  had  to  regulate  the 
water  in  the  well  down  to  the  lowest  possible  point  to  keep 
the  suction-valve  from  floating,  and  one  day  when  ihej 
had  the  water  too  low  the  pump  took  air  in  and  burst  both 
barrels.  The  engine  has  a  seventy-inch  steam  cylinder 
and  a  54-inch  pump  now.  They  were  originally  57-inch, 
but  after  the  accident  the  pumps  were  bushed  with  cylin- 
ders an  inch  and  a  quarter  thick.  This  was  all  done  oh 
the  sly ;  no  report  of  it  was  made  in  the  annual  reports. 
The  valves  in  the  big  pump  were  wrongly  constructed; 
the  weight  of  the  valve  itself  is  so  small^  only  half  a  pound 
to  the  sqare  inch,  that  they  will  not  settle  down  in. water. 
To  settle  them,  or  make  them  seat,  they  drove  all  the 
water  out  of  the  pump  by  putting  an  air-cusliion  in  such 
a  quantity  that  they  had  a  lot  of  air  to  spare,  and  the 
whole  barrel  was  full  of  air.  You  will  find  that  stated  iu 
the  American  Engineer.  I  have  the  papers  here,  and  I 
will  leave  them  in  the  next  room  for  you  to  read.  They 
contain  indicator  cards,  taken  off  the  engine.  All  the 
cards  are  drawn  one  over  the  other,  to  show  how  the  nec- 
essary power  of  the  engine  was  reduced  from  about  1350 
horse-power  to  about  600,  and  you  all  know  that  you 
cannot  do  1000  or  1300  horse-power  of  work  by  only  iWO 
horse-power.  The  engine  did  not  do  any  good  at  all ;  tliey 
all  seemed  to  be  glad  that  they  could  pump  water  as 
cheaply  as  they  did,  but  the  amount  of  coal  which  they 
used  was  entirely  thrown  away,  and  millions  of  dollars' 
worth  of  damage  was  done.  Where  they  wanted  water 
they  could  not  get  it.  You  will  find  another  statement  iu 
the  papers :  The  pressure  in  the  city  pipes  was  much 
reduced  on  one  side  of  the  tower,  and  they  could  not 
account  for  it.  It  seems  really  incredible  that  nobody  was 
there  to  see  that  as  all  these  pipes  were  connected  with 
the  stand-pipe,  the  air  which  they  pumped  partly  escaped 
through  this  stand-pipe.  The  air  showed  the  same  pressure 
in  the  pipes  as  the  water  did;  but  after  a  part  of  the  air 
had  escaped  there  was  only  a  reduced  pressure  on  the 
other  side  of  the  stand-pipe.  The  city  suffered,  not  having 
any  water  in  the  higher  stories.    They  could  not  accoiint 
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for  it.  But  you  all  see  it  now  plainly  enough.  What  little 
water  they  had  in  the  pipes  was  spurted  out,  mixed  with 
air  in  such  a  way  that  they  had  hardly  any  use  of  it.  The 
first  morning-  when  I  came  to  the  hotel  I  noticed  that  the 
water  looked  perfectly  white,  and  that  it  was  blown  out 
all  over  the  room  by  the  air  pressure  behind  it. 

Then  another  thing.  I  found  one  morning  on  the 
street  a  man  going  around  trying  the  hydrants  to  see  if 
they  were  frozen.  He  opened  the  valve,  and  air  was  blown 
out.  I  tried  it  again,  and  so  we  tried  different  corners, 
six  times,  not  a  drop  of  water  coming  out,  only  air  ;  and  I 
told  him  he  need  not  try  any  more,  there  was  no  water  in 
them.  And  it  is  actually  a  li^ct  that  the  hydrants  had  no 
water,  nothing  but  air.  We  pump  in  more  water  now,  and 
I  hope  in  a  week  or  two  we  will  be  ready  to  supply  the 
city  with  water. 

Mr.  Lakin  : — What  did  you  do  with  the  air  pumps 
on  the  suction  *?    (Laughter.) 

Mr.  Gerecke: — The  air-pumps  are  stopped  now, 
and  I  hope  we  will  never  use  them  again.  On  these  new 
beam  engines  which  they  have  on  the  West  Side  they  had 
two  air  compressors,  one  for  each  pair  of  engines,  and 
Chief  Engineer  Mason  wanted  to  either  have  those  air 
pumps  running  or  something  else.  He  tried  to  dig  a  hole 
for  me,  and  lie  got  into  it,  and  he  was  discharged,  and  since 
then  the  air  compressors  are  stopped. 

This  idea  of  pumping  air  in  to  make  the  valve  set 
easily  is  radically  wrong.  Fill  the  pump  solid  with  water, 
and  let  the  valve  close  itself,  and  there  is  not  a  bit  of 
danger  of  doing  any  harm ;  but  as  soon  as  you  pump  air 
in  and  the  plunger  strikes  the  water  there  is  danger  of 
bursting  the  pump  every  time.  I  hear  that  a  good  many 
cities  are  doing  the  same  thing — using  air.  Examine  the 
valves  and  see  if  they  are  right ;  and  if  the  valves  are 
right,  there  is  no  need  of  any  air. 

Mr.  Denman  : — Mr.  Chairman,  does  not  that  account 
for  the  discovery  of  natural  gas  in  Chicago  ?  (Laughter). 
We  have  heard  nothing  of  it  since  Mr.  Gerecke  has  been 
there. 

Mr.  Gerecke  : — Mr.  Hesing  came  one  day  to  me  to 

the  office  and  said  :  "Since  you  told  us  in  your  paper  that 
there  is  only  air  in  the  water  I  told  my  family  to  drink  as 
much  water  as  they  liked.  Before  we  thought  it  was  sewer 
gas  or  bad  stuff'  in  the  water."  The  water  looked  as  white 
as  milk  when  first  drawn,  but  when  the  air  escaped  a  few 
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minutes  later  the  water  was  clear.  We  have  beautiful 
water  provided  we  take  it  from  the  lake  aud  not  from  the 
shore  iulet.  The  shore  inlet  is  impure  water,  aud  they 
onlj'  use  it  when  the  ice  is  so  thick  at  the  crib  that  it  will 
not  let  any  water  in  the  tunnel. 

Mr.  Lakin  : — I  would  like  to  ask  Mr.  Gerecke  just 
one  question,  and  that  he  need  not  answer  now  unless  he 
wants  to.  There  was  supposed  to  be  foul  water  in  the 
pipes  in  many  places  in  Chicago.  Did  you  ever  investigate 
to  ascertain  whether  that  was  due  to  the  air  in  the  water 
or  not. 

Mr.  Gerecke: — No.  Ypu  know  we  have  had  lots  of 
trouble  lately.  One  of  the  engineers  who  had  been  dis- 
charged for  some  cause  before!  got  there  knew  that  there 
were  some  connections  made  to  the  shore  inlet.  To  let 
in  the  hot  water  from  the  air  pumps  to  thaw  away  any  ice 
that  might  be  in  there,  a  connection  had  also  been  made 
with  the  sewer,  which  Avas  known  only  to  this  one  engi- 
neer, and  wanting  to  take  revenge  in  some  way  for  being 
discharged,  he  showed  these  connections  to  a  newspaper 
reporter  on  Washington's  birthday,  and  the  next  day  there 
was  an  article  in  the  Times  calling  attention  to  the  dis- 
grace of  the  city.  As  soon  as  our  men  discovered  it  it. 
was  remedied.  There  was  quite  a  commotion  in  Chicago 
that  such  a  thing  should  have  happened. 

Mr.  Lakin  :— What  I  meant  by  the  question  was 
this :  Whether  this  air,  being  pumped  into  the  mains  and 
being  circulated  throughout  the  city,  became  chemically 
changed  so  as  to  make  the  water  obnoxious  ! 

Mr.  Gerecke: — No;  I  doubt  that.  I  do  not  think 
the  air  did  any  harm. 

Mr.  Lakin  : — From  lying  idle  on  a  dead  end,  or  any- 
thing of  that  kind. 

Mr.  Gerecke  : — No.  On  the  West  side  we  found 
a  very  queer  state  of  affairs  also.  For  instance,  the  evap- 
oration tests  for  coal  was  managed  in  such  a  way  that  the 
contractors  got  extra  pay  for  high  duty  coal,  and  yet  they 
never  fulfilled  their  contract  by  about  22  per  cent.  The 
engineers  carried  on  coal  tests  which  was  entirely  wrong — 
for  instance,  measuring  the  water  and  the  coal  for  only 
two  boilers,  while  four  were  used  to  supply  the  steam,  and 
measuring  the  water  in  tanks  when  it  was  180^  instead  of 
50  or  55,  with  which  these  tanks  were  filled  when  gradu- 
ated.     For  instance,  they  evaporated  11.93  pounds  of 
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water  with  one  pound  of  coal  by  using  four  boilers  and 
measuring  for  two.  When  I  measured  water  and  weighed 
coal  for  four  boilers  I  got  9.1  pounds.  Instead  of  evapo- 
rating twelve  pounds,  as  the  contract  called  for,  it  was 
onl3'  9.1  pounds.  So  you  see  they  were  also  short  22*  per 
cent.  On  the  North  Side  it  was  even  so  bad  that  they 
got  the  coal  bill  up  from  S5.06  to  86.21.  In  a  few  months 
they  had  $18,000  extra  from  the  city  for  high  duty  coal 
which  the  city  never  received. 

Adjourned. 


Afternoon  Session,  Wednesday,  April  15th,  1888. 

Called  to  order  at  2:30  by  President  Fanning. 

Mr.  Decker  : — In  relation  to  the  matter  referred  to 
the  Executive  Committee  this  morning  in  regard  to  exhibits 
by  non-members,  the  Executive  Committee  have  decided 
to  recommend  the  adoption  of  the  following  resolution  : 

Reaolvcd,  That  all  exhibitors  at  aunual  meeting's  of  this 
Associatiou,  iu  order  to  enjoy  the  advantages  they  seek,  must  be 
associate  members. 

I  move  its  adoption. 

The  motion  was  seconded  and  carried. 

Mr.  H.  F.  Dunham  read  the  following  paper  : 

OSE  PHAtiE  OF  THE  PROBLEM. 

The  problem  i-i  to  supply  pure  water.  The  phase  presented 
is  from  a  poiut  of  view  which  is  not  elevated  iior  lighted  up  by 
much  wisdom. 

Ill  tiiat  excellent  work  upon  The  Water  Supply  of  England 
and  Wales,  by  C.  R.  DeRiUce,  a  work  that  should  be  widely 
r^ad  in  this  country,  it  is  pointed  out  that  the  early  growth  of 
the  city  of  London  followed  unerringly  the  dep^sit-i  of  gravel, 
and  it  was  only  after  water  systems  had  been  established  that 
the  neighboring  clay  formations  were  built  upon.  In  a  country 
BO  large  as  our  own  and  with  so  many  diversified  interests,  we 
could  hardly  expect  by  statistics  of  the  growth  of  states  and 
cities  to  show  that  our  development  as  a  nation  resembled  that 
of  ancient  Loudon  as  a  city,  but  it  will  be  admitted  that  the  con- 
ditions are  somewhat  similar.  The  lakes  and  streams  of  New 
England  and  New  York,  and  that  vast  system  of  lakes  and  rivers 
upon  which  so  many  states  border,  define  an  area  that  may  be 
compared  to  the  gravel  districts  on  account  of  the  readiness  with 
which  good  water  can  be  obtained.  Here  and  there  it  may  be 
necessary  to  exercise  a  little  more  caution  to  go  further  out  from 
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shore  or  to  see  that  the  shore  is  not  made  offensive,  but  no  one 
doubts  that  for  a  long  period  it  will  be  comparatively  easy  to 
supply  the  large  cities  of  this  extensive  portion  of  our  country 
with  good  and  wholesome  water.  But  the  districts  correspond- 
ing to  those  early  defined  clay  areas,  we  have  them  and  to  a 
certain  extent  we  avoid  them.  Other  things  remaining  the  same, 
any  of  us  would  prefer  the  water  of  the  Detroit  to  that  of  some 
of  the  Southern  rivers,  and  such  preference  affects  the  prosperity 
of  the  district. 

To  members  of  this  association,  however,  there  is  little 
need  to  define  or  describe  those  bad  water  localties  which  have 
taxed  the  ingenuity  of  engineers,  and  in  which  engineers  have 
taxed  theingeuuity  of  water  works  superintendents  to  the  utmost. 
You  all  know  where  they  are  and  the  difficulties  they  present 
are  increasing  in  a  ratio  greatly  out  of  proportion  to  the  increase 
in  population.  Only  a  few  years  ago  the  engineer  was  compara- 
tively alone  in  his  work.  Now  a  whole  army  of  physicians, 
chemists  and  microscopists  are  driving  him  to  the  wall  with 
facts  and  theories  that  cannot  be  disputed.  Every  state  board 
of  health  report  may  prove  a  stumbling  block,  but  it  is  one 
which  he  should  welcome  and  for  which  he  should  be  grateful. 
(Our  association  would  be  benefitted  if  closer  relations  with  the 
different  state  boards  of  health  could  be  established).  We  can 
no  longer  find  comfort  in  thinking  that  after  all  it  may  not  be  so 
bad,  for  recent  discovery  throws  backward  its  light  upon  the 
statistics  of  older  communities  and  shows  us  there  the  results  of 
methods  like  those  upon  which  we  now  rely.  Water,  not  as 
rivers  furnish  it,  which  in  many  places  is  bad  enough,  but  as 
man  has  polluted  it,  is  being  supplied  through  pipes  as  it  has 
been  for  hundreds  of  years  "  for  all  purposes."  (May  the  hon- 
esty of  the  man  who  first  used  that  phrase  never  be  questioned). 
We  should  not  overlook  the  attempt  at  purification,  and  great 
credit  is  due  to  inventors  and  all  those  who  have  helped  to 
awaken  interest  in  the  subject.  But  to  purify  the  water  for  a 
great  city  is  a  very  difficult  matter.  To  suggest  nature's  method 
of  thorough  purification  brings  you  at  once  to  notice  the  lavish 
use  of  time  and  space  by  which  her  success  is  attained.  Cheap 
practice  is  not  her  practice.  But  all  this  about  abundance  and 
scarcity,  about  good  and  bad  water,  is  mere  commonplace  and 
unworthy  of  your  attention  for  an  instant,  except  as  it  is  aimed 
at  a  popular  error  which  we  may  call  a  national  error,  for  it  leads 
to  national  and  dreadful  results.  There  is  no  need  to  remind 
you  that  we  all  look  to  the  people  for  support  and  assistance  in 
these  important  questions  of  method  and  expenditure.  Their 
opinion  and  action  are  essential  to  every  undertaking. 

Now,  in  this  interval  of  a  few  years,  during  which  so  much 
has  been  discovered  that  calls  for  prompt  and  decided  effort,  the 
public  has  been  led  into  a  position  where  such  effort  becomes 
difficult.  It  is  true  the  impression  that  water  is  free  and  not  a 
saleable  article  has  been  largely  removed,  but  in  its  place  we 
have  the  no  less  dangerous  notion  than  in  all  places  a  certain 
definite  sum  of  money  should  pay  foi  a  certain  quantity  of  some 
kind  of  water,  and,  so  far  as  I  know,  it  will. 

Men  have  buried  themselves  in  statistics  and  struggled 
with  rooms  and  height  and  depth  to  establish  a  uniform  basis — 
they  have  sought  for  an  "average  rate"  as  if  it  were  a  lucky 
number  that  once  known  would  secure  to  them  the  prize  of  per- 
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manent  happiness,  and  iu  thousands  of  cases  they  have  found  it 
so.  Men  of  liberal  education  have  pointed  with  conscious  pride 
to  the  low  rates  in  their  cities  when  those  rates  should  have  been 
looked  upon  as  a  disgrace.  Ccuncilmen  and  others  with  the  in- 
terest <  f  the  people  at  heart  have  assumed  in  establishing  rates 
that  unless  the  rate  was  us  low  as  in  some  neighboring  city — 
where  the  conditions  were  entirely  diflferent — people  would  be 
driven  away  frona  their  town  or  not  be  attracted  to  it,  and  to-day 
such  notions  are  common. 

They  are  all  wrong.  We  might  as  well  stop  the  transpor- 
tation of  grain,  and  then,  by  means  of  adulteration,  make  the 
price  of  flour  uniform  all  over  the  country;  the  same  in  New 
York  and  Minnesota.  You  might  as  well  say  that  because 
foundations  for  buildings  in  Detroit  cost,  upon  the  average,  only 
five  dollars  per  square  yard  we  can  pay  no  more  than  that  in  our 
city,  regardless  of  what  the  excavation  shows.  If  all  the  cities 
had  adopted  that  course,  the  architecture  of  the  country  could 
hardly  have  been  in  vorse  condition  than  the  drinking  water  of 
the.  country  is  now,  when  coinj^ared  with  what  it  ought  to  be. 
Severity  of  expression  m.iy  be  excuse  I  when  i^eople  are 
thoughtless,  or  when  they  do  wrong  under  the  impression  they 
are  doin:r  righr,  and  we  do  not  want  iu  any  of  our  valleys  such 
"crucial  (.'Xperiments  upon  half  a  million  people",  as  we  know  to 
have  been  ptrformod  in  the  valley  of  the  Thanes.  Wholesome 
water  should  be  made  the  one  and  only  basis,  and  the  rate 
charged  should  be  determined  by  the  cost  of  procuring  it,  and 
there  is  no  city  in  our  country,  where  people  cannot  afford  to  pay 
that  rate  better  than  they  can  afford  any  rate  for  unwholesome 
water. 

I  would  not  give  you  the  impression  that  my  faith  in  the 
intelligence  and  good  intentions  of  the  people  is  weak;  on  the 
contrary  it  is  strong.  I  would  be  quick  to  recognize  that  modern 
tendency  toward  a  safe  and  comfortable  life,  which  is  swelling 
like  a  tide  and  carries  us  all  toward  that  point  where  we  cannot 
look  to  any  other  people  for  examj^le. 

Where  the  issue  is  plain  and  in  no  way  obscure  there  is 
less  to  criticise.  We  have  an  iHustration  in  our  midst:  Six 
thousand  families  in  Cleveland  are  using  well  water  where 
wholesome  water  is  convenient.  But  how  was  it  found  out  that 
there  are  six  thousand?  Why  is  the  fact  published  and  known 
all  over  the  county  and  wherever  English  or  C^ermau  papers  are 
read?  W^hy  are  steps  being  taken  to  make  that  number  less? 
It  Is  simply  because  the  intelligence  of  the  present  is  demanding 
that  after  the  best  has  been  provided  it  "shall  be  accepted,  in 
order  to  prevent  suffering.  To  demand  that  the  best  possible 
shall  be  provided  for  the  same  purpose  is  no  less  a  duty. 

Mr.  Dunham  : — Mr.  President.  I  would  like  to  say 
that  when  you  first  asked  me  to  prepare  a  paper  for  this 
meeting  and  I  declined  to  do  it,  as  you  will  remember,  I 
was  entirely  in  good  faith,  and  after  that,  as  you  may  re- 
call from  your  correspondence,  I  begged  the  invitation  to 
present  a  paper,  stating  in  the  letter  that  a  subject  which 
was  quite  new  to  me,  and  about  wliicli  I  knew  very  little, 
had  come  up  in  a  way  that  it  seemed  to  me  might  merit 
some  attention,  and  for  that  reason  I  would,  after  all,  like 


92 

to  present  a  paper.  It  was  my  notion  to  present  a  more 
extensive  paper  upon  the  subject  which  I  have  indicated 
here. 

Some  three  or  four  months  ago,  in  connection  with 
work  in  a  large  town,  my  attention  was  called  to  the  ad- 
vantage that  would  arise  from  dividing  the  supply — that 
is,  from  duplicating,  so  far  as  it  would  be  necessary  to  do 
so,  the  pipe  system,  using  pipes  of  a  proper  size  for  the 
distribution  of  water  for  drinking,  cooking  and  like  pur- 
poses, for  which  very  pure,  good  water  should  be  used. 
The  water  for  such  a  supply,  I  had  thought,  might  be 
obtained  in  many  cases  from  artesian  wells,  in  other  cases, 
possibly  from  the  surface,  where  a  great  care  would  be 
taken  to  make  that  water  pure  and  wholesome,  and  keep  it 
entirely  free  from  contamination.  With  a  demand  of  two 
or  three  gallons  per  individual,  or  a  total  demand  in  a  city 
of  half  a  million  people  of  no  more  than  one  million 
gallons  per  day,  it  seemed  to  me  that  an  amount  of  atten- 
tion and  an  amount  of  money  sufficient  to  accomplish  the 
thorough  preparation  of  that  water  might  be  attempted. 

Then  th3  question  of  how  cheaply  that  water  could 
be  delivered  to  the  people  in  that  city  came  up,  and  it  was 
my  purpose  to  bring  here  a  paper  in  which  that  would  be 
taken  up  and  discussed,  but  I  did  not  have  the  time  to 
carry  it  out  fully,  and  failed  to  do  it.  In  thinking  of  it 
later,  it  occurred  to  me  that  where  artesian  water  could 
not  be  obtained,  it  would  be  possible,  with  fuel  at  the  price 
it  is  in  this  country,  to  distil  the  water  required  for  a  large 
city — that  portion  of  water,  I  mean,  that  is  required  for 
such  purposes  as  I  have  indicated,  and  I  would  have  liked 
very  much  to  present  to  you  to-day  a  paper  in  which  that 
phase  of  the  question  should  have  been  pretty  thoroughly 
commented  upon  or  presented.  I  have  found  out  a  little 
in  regard  to  the  cost,  but  not  enough  to  embody  it  defi- 
nitely in  a  paper.  With  soft  coal  at  from  one  to  two 
dollars  per  ton,  a  quantity  of  water  sufficient  for  family 
use,  and  of  the  quality  which  I  have  indicated,  ought,  I  think 
to  be  delivered  to  families  for  less  than  they  paj'  now  for 
their  domestic  suppJy.  That  would  at  first  sight  seem 
exhorbitant,  but  I  believe  it  maybe  called  an  unquestioned 
fact  that  if  such  a  supply  was  introduced  into  a  city  where 
the  water  is  now  unfit  for  drinking,  it  would  be  a  good  in- 
vestment on  the  part  of  every  consumer  to  pay  the  re- 
quired sum.  In  places  where  a  large  amount  of  money 
must  be  expended  to  make  changes  to  filter,  to  take  water 
from  places  that  are  better  than  those  from  which  water 
is  now  being  taken,  there  would  be  quite  a  large  margin 
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that  could  be  used  for  the  purpose  I  have  indicated.  The 
apparatus  would  be  comparatively  simple.  .There  should 
be,  of  course,  proper  facilities  for  evaporating,  for 
thoroughly  aerating,  and  for  delivering  under  pressure 
through  pipes  in  the  way  that  I  have  ineicated,  and  the 
same  as  we  do  now  with  our  larger  quantities. 

I  simply  throw  this  down  as  a  suggestion — as  some- 
thing that  I  believe  to  be  worthy  of  consideration — and 
whilst  we  may  not  be  able  to  point  to  the  place  immedi- 
ately that  will  be  encouraging  for  a  company  to  set  up  such 
a  plant,  I  think  it  reasonable  to  believe  that  within  a  short 
time  the  occasion  may  arise  when  such  a  plant  as  that 
would  not  be  only  desirable  to  the  city,  but  a  substantial 
basis  of  investment  for  capital. 

The  President  : — Mr.  Dunham  offers  a  suggestion 
that  is  worthy  of  consideration.  It  calls  to  mind  the  fact 
that  there  are  a  number  of  cities  that  have  a  water  supply 
which  is  not  considered  the  very  best  for  drinking  water, 
cities  in  which  there  are  companies  for  supplying  water 
from  springs,  carrying  it  about  and  supplying  it  to  families. 
Possibly  those  would  be  places  where  Mr.  Dunham's  sug- 
gestions might  be  followed  out.  In  many  cities  spring 
water  is  supplied  entirely  independent  of  the  public 
water  supply. 

Mr.  Oliphant  : — Mr.  President,  I  was  going  to  make 
a  remark  here  about  distilling  water.  I  have  had  a  great 
deal  of  experience  with  distilled  water.  Now,  we  are 
frequently  asked  the  question  whether  distilled  water  is 
pure  and  wholesome  for  drinking  purposes.  For  cooking, 
we  will  say  that  it  is,  but  for  drinking  purposes  is  it  pure 
and  wholesome  ?  I  would  like  to  get  the  mind  of  the 
engineers  here.  T  have  had  a  good  deal  of  experience 
with  it,  and  I  have  seen  a  great  deal  of  sickness  through  it, 
which  I  will  be  able  to  prove,  if  any  proof  is  wanted. 

The  President: — Does  anyone  wish  to  remark  further 
on  that  ?  I  think  if  it  was  determined  that  it  was  not  pure, 
it  would  be  a  verv  easy  matter  to  add  the  proper  amount 
of  mineral  ingredient  that  might  be  lacking. 

Mr.  Dunham  : — I  would  like  to  ask  as  to  medicines. 
I  think  they  are  usually  put  up  in  distilled  water.  It  may 
not  be  on  account  of  health  that  it  is  done,  however.  I 
might  say  further  in  regard  to  the  softness  of  water.  I 
believe  the  Rivers  Pollution  Commission  of  England  have 
decided  that,  so  far  as  their  observation  extends,  (and 
they  have  made  quite  a  study  of  it),  they  have  no  reason 
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for  believing  that  soft  water  is  more  unwholesome  than 
hard  water.  And  further,  in  New  York  there  is  at  the 
present  time  quite  a  large  concern  distilling  and  preparing, 
I  suppose  thoroughly  aerating,  and  perhaps  charging 
slightly  with  carbonic  acid  gas,  water  for  use  in  the  City  of 
New  York.  It  is  taken  in  l30ttles  and  distributed  at 
different  points  in  the  city ;  the  same  as  beer  is  in  this  city. 

The  President  : — That  is  the  practical  result  in 
some  places,  where  spring  water  is  being  sold  independent 
of  the  public  water  supply. 

Mr.  Richards  : — Could  the  water  company  justly  go 
into  peddling  the  water  in  bottles  f 

The  President: — That  plan  is  carried  out  in  quite 
a  number  of  our  towns  and  cities  where  the  public  supply 
is  not  satisfactory.  It  is  carried  about  and  the  domestic 
tanks  tilled,  together  with  ice,  during  the  summer.  Quite 
a  business  has  grown  up  in  a  number  of  our  cities  in 
that  way. 

Mr.  Dunham  : — There  is  no  practical  question  about 
carrying  it  out,  about  the  i)iping  of  a  city  again,  and  having 
more  hxtures.  We  do  that  frequently,  with  everj'  increase 
in  the  number  of  gas  companies  and  with  every  steam- 
heating  plant  that  comes  into  a  town.  Putting  it  upon  its 
practical  basis,  whenever  the  time  comes  that  men  are  as 
willing  to  invest  money  to  insure  to  their  families  water 
that  can  as  truthfully  be  called  pure  as  the  beverage  that 
they  require  for  themselves,  there  will  be  no  question 
about  the  carrying  out  of  any  such  plan  as  that. 

Mr.  Gardner: — Mr.  President,  taking  hold  of  the 
conversational  tone  of  this  argument,  I  would  like  to  ask 
what  cities  of  the  United  States  have  a  duplicate  line  of 
mains,  that  is,  one  for  household  purposes  and  the  other 
for  public  supply  or  the  rougher  purposes  of  consumption  f 

The  President  : — I  do  not  know  of  any  myself  now. 

Mr.  Diven  : — I  think  that  to  some  extent  Rochester 
has  that  duplicate  system. 

The  President: — That  is  for  fire  purposes,  I  think, 
independent  of  the  domestic  supply. 

Mr.  Gardner: — Mr.  President,  are  there  any  cities 
in  the  world  that  have  this  duplicate  system  ? 

The  President  : — I  do  not  recall  any. 
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Mr.  Gardner  : — Montreal,  I  am  told,  has  that  dupli- 
cate system,  and  1  believe  St.  Petersburg  has  it. 

The  President  : — It  is  my  impression  that  MontT-eal 
has  not.  I  supposed  their  water  all  came  from  the  Lachine 
Canal  works.  They  have  a  very  extensive  pumping  plant 
there,  partly  by  turbine  and  partly  by  steam  power,  and  I 
supposed  the  water  for  domestic  uses  was  distributed 
from  that  generally,  although  there  may  possibly  be  some 
small  water  companies  that  supply  water  from  springs. 
That  has  happened  in  many  of  the  old  New  England  cities, 
where  the  old  private  water  companies  had  their  lead 
pipes  running  about  the  cities  before  the  public  water 
supply  was  established.  I  know  in  one  case  where  I  was 
putting  in  public  works  there  were  live  water  companies, 
each  haying  its  lead  pipes  going  through  the  town.  Some 
of  them  had  wooden  pipes  also.  We  came  in  contact  with 
their  pipes  as  the  public  supply  pipes  were  being  put 
down.  That  was  the  case  in  many  of  the  old  i^ew  England 
towns,  where  they  had  brought  in  spring  water  and  dis- 
tributed it  by  lead  pipes  to  perhaps  thirty,  forty,  or  hundred 
different  families. 

Mr.  Gardner  :  — But  nothing  like  a  deliberate 
double  system,  so  far  as  you  know ! 

The  President: — Kot  as  a  municipal  system.  I 
did  not  recall  anything  of  that  kind. 

Mr.  F.  L.  Fuller  presented  the  following  paper  on 
"The  Indirect  Income  of  Water  Supplies  :" 


THE  INDIRECT  INCOME  OF  WATER  SUPPLIES. 

That  this  is  an  age  of  progress  all  will  readily  admit, 
neither  will  any  deny  that  improvements  in  the  conveniences  >  f 
living  have  been  numerous  and  of  great  value.  Anything  that 
reduces  the  amount  of  drudgery  required  of  any  part  of  a  com- 
munity is  a  real  gain.  Laziness  does  not  enter  very  largely  into 
the  make-up  of  the  American  people,  and  all  the  time  saved 
from  hard  labor  will  be  used  to  good  advantage. 

Our  lives  have,  and  always  will  have,  enough  of  toil  in 
them,  to  make  it  wise  to  encourage  laoor-saving  devices.  The 
strength  once  expended  in  hard,  but  necessary  labor  can  now,  in 
part  at  least,  thanks  to  man's  ingenuity,  be  turned  to  higher 
euds.  Machinery  has  come  to  our  aid,  and  every  year,  men  of 
practical  wisdom  are  adding  to  the  number  of  appliances  for 
lessening  labor  and  increasing  human  comfort.  It  is  unnecessary 
to  take  the  time  to  call  them  to  your  notice.  If  you  will  allow 
your  imagination  to  go  back  fifty  years  and  contrast  that  time 
with  the  present,  you  will  be  aware  of  the  changes  which  have 
been  wrought.    And  among  them  all  is  there  one  more  beneficent 
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than  the  modern  Water  Supply?  What  town  or  city  that  has 
once  enjoyed  its  benefits,  could  be  Induced  to  part  with  it,  al- 
though the  strug-<rle  to  securt  it  may  have  been  long  and  severe? 

In  the  case  of  our  large  cities,  where  the  water  is  used  for 
domestic  purposes,  ftre  protection,  generating  steam,  flushing 
sewers,  watering  streets,  &c.,  the  giving  up  of  the  water  supply 
would  be  most  disastrous  and  imperil  its  very  existenc  i.  The 
sentiment  ii  favor  of  a  public  water  supply  is  so  rapidly  Increas- 
ing that  towns  of  small  population  and  limited  resources  are  fast 
availina:  themselves  of  its  advantages. 

When  the  'juestion  of  a  public  water  supply  is  ngitated, 
one  of  the  first  questions  asked  is,  how  much  will  it  cost?  and 
what  income  may  be  expected  from  it?  In  our  calculations  as  to 
whether  it  will  pay,  we  are  perhaps  too  apt  to  forget  that  water 
accounts  can  be  made  up  of  anytiaing  but  the  dollars.and  cents 
received  as  water  rates,  or  paid  out  for  construction  or  mainten- 
ance. I  hope  to  show  that  the  indirect  income  which  a  town  or 
city  derives  from  its  syste.n  of  water  works,  which  does  not  show 
on  its  hooks,  because  it  cannot  be  represented  by  a  money  equiv- 
alent, is  no  small  item. 

Ist.     By  jtromoting  health. 

The  fact  is  fully  established  that  pure  water  Is  not  only 
essential,  but  indispensable  to  health. 

If  the  germ  the<jry  of  disease  is  true.  If  disease  Is  due  to 
the  presence,  in  our  bodies,  of  certain  harmful  species  of  bacteria 
which  are  easily  propagated  and  transported  in  water,  then  we 
have  a  lother  and  strong  urgument  for  unpolluted  and  uncpn- 
taminated  water:  That  the  average  water  supply  is  better  tLiau 
the  water  from  the  aver;ige  well,  is  no  doubt  a  fact 

At  the  last  meeting  of  the  New  England  Water  Works 
Association,  the  statement  was  made  that  Typhoid  fever  has 
practically  IJecome  a  country  disease.  The  following  table,  copied 
frjm  the  Massachusetts  Registration  Reports  for  1886,  with 
editorial  remarks  by  Dr.  S.  W.  Abbott,  Secretary  of  the  Mass. 
State  Board  of  Health,  is  a  good  proof  of  this  :  , 

DEATH   BATES   PER    10.000    FROM   TYPHOID    FEVERS  IN   CENSUS 
YEARS    1865,    1870,    1875,    1880   AND    1885,    BY   COQJSTIES. 


Counties 


1865 


1870 

1875 

1880 

1885 

km-  1 
age. 

9.1 

6.4 

49 

39 

7.5 

12.8 

5.6 

4.1 

2.7 

8.4 

8.2 

7.6 

5.6 

3.3 

9.6 

7.9 

54 

5.4 

3.8 

7.4 

22.7 

12.4 

3.7 

6.9 

12.7 

9.4 

51 

5.6 

3.8 

7.3 

11.6 

8.9 

49 

3.7 

10.9 

15.4 

9.7 

7.2 

5.1 

10.7 

10.3 

10.9 

5.5 

4.9 

10.0  1 

6.5 

5.1 

4.0 

3.5 

5.6 

5.9 

5.9 

3.4 

4.4 

5.7 

7.8 

6.0 

5.1 

2.9 

8.4 

7.6 

6.6 

4.1 

3.7 

5.9 

12.1 

66 

6.0 

4.2 

9.3 

Popa'atioa 
1885. 


The  State 

Barnstable 

Berkshire 

Bristol 

Dukes  and  Nantucket 

Essex 

Franklin 

Hampden 

Hampshire 

Middlesex 

Norfolk 

Plymouth 

Suffolk 

Worcester 


13.4 

16  7 

233 

14.5 

17.8 

12.9 

25.2 

16,1 

18.3 

8.9 

8.9 

20.2 

7.7 

17.7 


1942141 
29845 
73828 

158498 
7277 

263727 
37449 

110764 
48472 

3.57311 

102142 
81680 

421109 

244039 
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Dr.  Abbott  remarks  in  connection  with  this  table:  "It 
appears  thai  in  all  the  counties  there  has  been  a  steady  diminu- 
tion in  the  mortality,  from  this  disease.  The  uniformity  of  such 
decrease  is  especially  noticeable  in  the  most  populous  conuties". 
The  lowest  ave?-age  mortality  occurs  in  the  counties  made  up  of 
large  towns  and  cities,  most  of  which  have  systems  of  water 
supply  and  sewerao^e  ;  the  highest  average  appears  in  those 
counties  composed  of  small,  sparsely  settled  towns,  having  no 
public  water  supply  or  drainage.  In  the  supi3lement  to  the 
First  Annual  Report  of  the  Massachusetts  Board  of  Health, 
Lunacy  and  Charity,  Dr.  Abbott  says,  in  speaking  of  local 
boards  of  health,  "The  very  fact  of  the  greater  frequency  of 
typhoid  fever  in  country  districts  than  in  the  cities,  on  account  of 
the  absence  of  a  general  water  supply  and  of  adecjuate  sewerage, 
proves  the  necessity  of  the  existence  of  sucli  boards  and  of  their 
constant  supervision  of  the  location  of  wells  and  the  proper  con- 
struction and  location  of  sewers  and  vaults"  The  same  author, 
in  the  same  report,  makes  this  statement:  "The  early  introduc- 
tion of  a  pure  water  supply  with  adequate  sewerage,  in  all  large 
towns  in  the  State,  is  a  matter  of  prime  importance.  If  tiie 
completion  of  sucli  works  should  he  attended  with  results 
similar  to  those  witnessed  in  many  cities  of  England  and  Wales, 
we  should  be  enabled  to  record  a  decided  diminution  in  the  mor- 
•tality,  from  typlioid  fever,  within  the  following  ten  years,  and  a 
consequent  gain  to  the  State,  which  could  scarcely  be  reckoned 
in  terms  of  pecuniary  value''. 

Without  a  water  supply  we  can  have  no  sewerage  systems 
as  now  generally  operated.  The  water  carriage  system  is  a  suc- 
cess, so  far  at  least  as  removing  waste  and  refuse  from  our  houses 
is  concerned.  The  general  health  of  people  in  a  well  sewered 
city  or  town,  having  a  good  water  supply  is  better,  as  has  been 
shown  above  in  regard  to  one  phase  of  disease,  than  that  of  the 
corresponding  class  in  the  country.  Of  course  the  health  of 
these  cities  and  towns  nnist  be  vastly  better  than  it  would  be,  if 
they  should  give  up  their  sewers  and  aqueduct  water,  and  go 
back  to  leaky  vaults  and  cesspools,  and  fouled  and  polluted  wells. 

The  "Ninth  Report  of  the  Medical  Officer  to  the  (English) 
Privy  Council  "  for  the  year  1866,  is  most  interesting  and  valua- 
ble. From  it  is  taken  the  following  table,  which  shows  the 
iniprovemmt  in  tlie  public  health  In  twenty-four  cities  and 
towns,  due  to  works  of  drainage  and  water  supply : 
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The  writer  is  not  aware  that  similar  information,  in  so 
complete  a  form,  exists,  reorarding  American  cities  and  towns. 
It  is  hardly  possible  that  a  comparison  similar  to  that  in  the  table 
referred  to,  could  be  made  of  our  own  cities  and  towns  in  the 
future,  or  even  at  the  present,  because  towns  now  provide  them- 
selves with  systems  of  water  supply  and  often  of  drainao^e,  before 
they  are  of  the  size  of  some  of  the  smaller  of  those  in  the  list 
given. 

Mr.  John  Simon,  the  medical  officer  making  the  report 
referred  to,  and  one  of  the  best  of  English  authorities,  says : — 
"  Typhoid  fever  and  much  endemic  diarrhoea  are,  as  1  have  often 
reported,  incessant  witnesses  to  tiie  same  deleterious  influence, 
(lack  of  water  supply  and  drainage),  typhoid  fever  which  annu- 
ally kills  some  15,000  to  20,000  of  our  population,  and  diarrhcea 
which  kills  many  thousands  besides.  The  mere  quantity  of  this 
wasted  life  is  something  horrible  to  contemplate,  and  the  mode 
in  which  the  waste  is  caused  is  surely  nothing  less  than  shame- 
ful. It  is  to  be  hoped  that,  as  the  education  of  the  country 
advances,  this  sort  of  thing  will  come  to  an  end  ;  that  so  much 
preventable  death  will  not  always  be  accepted  as  a  fate;  that, 
for  a  population  to  be  thus  poisoned  by  its  own  excrement,  will 
some  day  be  (ieeraed  ignominious  and  intolerable." 

Sickness  and  death  are  exjiensive  and  wasteful.  Health 
and  strength  are  elements  of  power  and  add  to  a  man's  useful- 
ness, and  to  the  country's  wealth  ;  and  if  a  water  supply  has 
anything  to  do  with  them,  it  should  have  its  due  share  of  credit. 
The  spriiikling  of  streets  in.  summer,  is  a  luxury,  conducive  to 
the  health  and  comfort  of  the  people  and  the  preservation  of  our 
roads.  The  decrease  in  the  cost  of  repairs  on  gravel  and  macad- 
amized streets,  will  go  far  towards  paying  the  cost  of  sprinkling, 
to  say  nothing  of  the  comfort  of  passing  over  them.  In  our 
small' !r  cities  and  towns,  a  well  kept  lawn  is  a  continual  source 
of  pleasure,  and  nothing  is  more  essential  to  its  condition  than  a 
proper  supply  of  water  in  the  dry  months  of  summer. 

Snd.     By  savin ff  property. 

This  i>  closely  allied  to  the  question  of  insurance  #0  be 
spoken  of  later. 

We  cannot  doubt,  in  view  of  its  perfect  adaptability  for 
the  purpose,  and  its  wide  spread  distribution,  that  one  of  the 
objects  for  which  water  was  made,  is  to  protect  us  from  the 
destructive  action  of  fire. 

Fire  and  water  are  two  of  the  most  effective  agents  which 
man  has  at  his  disposal ;  but  unless  kept  within  proper  bounds 
they  may  become  his  greatest  enemies.  Much  of  the  material 
with  which  we  are  surrounded  is  inflammable,  and  if  by  any 
chance  this  takes  fire,  the  safety  of  life  and  property  demands 
that  water  be  at  hand,  so  as  to  be  applied  instantly  and  in 
sufficient  quantity. 

This  can  be  best  done  in  connection  with  the  domestic 
supply,  by  water  under  pressure,  due  either  to  the  force  of  ma- 
chinery, or  its  own  weight.  The  object  of  the  modern  water 
supply,  is  to  provide  water  for  domestic  uses  under  such  pressure, 
as  to  be  available  at  the  shortest  possible  time  for  use  in  large 
quantities,  if  necessary,  upon  an  out-breaking  fire. 

The  building  in  which  the  fire  originates  may  be  destroyed 
or  practically  ruined  by  water,  but  the  fire  will  probably  be  con- 
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fined  to  this  one  buildino^,  and  herein  lies  the  value  of  the  pro- 
tection of  which  we  are  speaking. 

The  power  to  prevent  a  wide  spread  conflagration  lies,  in 
most  cases,  in  a  properly  arranged  system  of  Water  Supply. 

In  planning  a  Water  Works  system,  care  should  be  taken 
not  to  locate  the  hydrants  too  near  large  wooden  buildings, 
because  in  case  of  fire  the  heat  might  render  it  impossible  for 
the  firemen  to  use  them.  This,  I  understand,  was  one  reason 
for  the  great  destruction  by  the  recent  fire  at  Amesbury,  Mass. 

Whenever  property  is  destroyed  by  fire,  whether  it  be 
insured  or  not,  there  is  a  positive  loss  to  some  one ;  so  much 
actual  value  wiped  out.  Some  person  or  persons  will  be  so  much 
the  poorer,  by  the  value  of  the  property  destroyed.  The  relief 
from  anxiety  and  apprehension  is  a  matter  of  no  small  moment, 
and  may  well  be  included  in  the  indirect  income  wliich  we  are 
considering. 

3rd.     By  reducing  insurance. 

Fire  insurance  is  virtually  an  arrangement  by  which  losses 
by  fire  are  divided  among  a  large 'number  of  persons.  If  my 
property  is  destroyed,  and  you  are  insured  in  the  same  com- 
pany, you  contribute  the  insurance  rates  you  have  paid  towards 
my  loss.  If  all  jjroperty,  or  if  no  property,  were  to  be  destroyed, 
tliere  would  be  no  advantage  in  insurance,  except  to  the  compa- 
nies. If  no  property  could  be  burned,  insurance  rates  would  be 
a  useless  expenditure.  If  all  property  were  sure  of  being 
burned,  the  money  paid  out  in  rates  and  premiums  would  ex- 
ceed the  amount  of  damage  to  be  received  when  the  property 
was  destryed,  because  the  company  must  receive  some  compen- 
sation for  carrying  on  the  busiupss.  In  the  former  case,  rates 
would  be  very  low,  only  sufficient  to  cover  the  cost  of  doing  the 
business,  say,  a  small  fraction  of  a  per  cent.  In  the  latter  case 
they  would  be  very  high,  one  hundred  per  cent,  of  the  valuation, 
plus  a  somewhat  larger  amount  than  that  mentioned  for  trans- 
acting the  business,  which,  in  this  case,  would  be  more  laborious 
than  in  the  former,  owing  to  a  constant  settlement  of  losses,  re- 
writing of  policies,  &c.  I  am  assuming  that  under  the  two  con- 
ditions we  are  considering,  people  would  still  continue  to  insure. 

Property  is  actually  under  neither  of  the  conditions  men- 
tioned. Some  of  it  will,  some  of  It  will  not  be  burned.  It  is  just 
this  uncertainty,  which  gives  insurance  any  value,  and  the  less 
the  uncertainty  or  the  greater  the  certainty  or  probability  that 
it  will  not  be  burned,  the  less  the  cost  of  insurance  becomes,  be- 
cause the  property  is  more  nearly  under  the  first  of  the  condi- 
tions mentioned. 

A  gentleman,  Mr.  Geo.  P.  Field,  of  Messrs.  Scull  &  Brad- 
ley, Boston,  well  informed  in  matters  of  fire  insurance,  makes 
the  following  suggestions  :  "  One  thing  that  people  should  con- 
sider, is  the  saving  effected  in  the  reduction  of  the  amounts  of 
insurance  carried,  which  is  an  item  that  insurance  companies 
cannot  figure.  We  always  find  that  the  introduction  of  water 
into  a  place,  improving  the  fire  extinguishing  facilities,  results 
in  a  decrease  in  the  amounts  of  insurance  carried,  particularly 
on  the  more  hazardous  risks."  "The  Insurance  Companies  in 
New  Eugland  are  always  ready  to  recognize  the  introduction  of 
water  by  a  very  substantial  reduction  in  rates." 
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From  information  kindly  furnished  by  other  gentlemen 
connected  with  insurance  organizations,  I  conclude  that  there  is 
generally  a  reduction  of  from  20  to  50.  per  cent  on  rates  where 
water  is'  introduced.  The  amount  of  the  reduction  will  vary 
accordinsr  to  the  character  of  buildings  and  their  location,  com- 
pleteness of  the  water  works  systeni,  efficiency  of  the  fire  de- 
partment, &c. 

J^th.     By  encouraging  manufacturers. 

Competition  is  now  so  great,  in  the  manufacture  of  all 
standard  goods,  that  men  of  prudence  will  not  invest  their 
money  unless  they  feel  that  it  will  be  reasonably  secure.  The 
question  of  insurance  is  an  important  one.  There  are  now 
insurance  companies  making  a  speciality  of  insuring  manufac- 
turing properly.  They  require  of  mill  owners  the  best  appliances 
for  preventing  and  extinguishing  fires,  which  a  long  and  care- 
ful study  of  the  subject  has  suggested.  By  thus  reducing  the 
number  of  fires  and  consequently  the  loss,  to  a  minimum,  low 
rates  of  insurance  are  secured. 

The  question  whether  a  large  manufactory,  with  its  power 
to  change  raw  material  into  finished  products  and  employ  large 
numbers  of  dependent  workmen,  shall  be  built  in  one  town  or 
city  ot  another,  or  whether  it  shall  be  built  at  all,  is  often  largely 
determined  b3'  insurance  rates. 

The  efflciencj^  of  stand  pipes,  hose  and  automatic  sprinklers 
require  that  they  should  be  supplied  from  some  adequate  source. 

Tanks  in  the  upper  stories  of  mills  are  of  some  value,  but 
if  large,  their  weight  when  filled  with  water  becomes  enormous, 
and  if  small,  their  supply  is  soon  exhausted.  It  may  be  urged 
that  most  mills  and  factories  have  fire  pumps,  operated  by  steam 
or  water  power,  which  can  at  once  be  put  in  use  to  extinguish 
fire,  while  this  is  often  true,  it  is  also  often  the  case  that  these 
appliances  are  out  of  order,  that  access  to  them  may  be  cut  oflT 
before  they  can  be  started,  or  they  may  be  disabled'  by  falling 
wfills  or  other  accident.  Some  independent  supply  is  needed  in 
addition  to  whatever  may  be  provided,  Avithin  the  mill  premises. 

Another  advantage  derived  by  manufacturers  from  an 
abundant  supply  of  pure  water  is  its  use  for  steam  boilers,  in 
making  certain  classes  of  fine  goods,  such  for  instance  as  white 
paper  and  in  bleaching  and  dyeing 

Our  streams  are  becoming  so  fouled  and  polluted  with 
refuse  of  all  kinds,  that  in  -uany  cases  the  water  is  unfit  for  any- 
thing but  power.  Attempts  to  prevent  this  are  being  made  and 
will  continue  to  be,  but  the  temptation  for  towns  and  manu- 
facturers to  get  rid  of  their  filth  and  waste  in  the  easiest  and 
quickest  manner,  which  is  generally  to  turn  it  into  the  nearest 
stream,  is  so  great  that  It  makes  the  matter  a  serious  one  to  carry 
out. 

The  President  : — Mr.  Fuller  has  introduced  some 
questions  that  are  quite  worthy  of  study.  I  remember  a 
point  in  connection  with  works  built  some  years  since.  I 
took  occasion  to  study  up  the  reports  of  the  fire  losses  for 
a  series  of  five  years  before  the  works  were  completed, 
and  then  for  five  years  afterwards  and  made  a  comparison. 
I  found  that — ^supposing  the  rate  before  the  construction 
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of  the  works  to  be  a  fair  rate  of  fire  losses  per  annum — the 
saving  in  the  next  five  years  was  more  than  the  entire  cost 
of  the  works  during  that  time ;  so  that  would  be  one  of 
the  indirect  incomes  of  water  suppliers.  It  is  a  matter 
worth  considering  by  any  city  of  eight  or  ten  thousand 
inhabitants,  if  there  are  such  that  have  not  water  supplies. 
I  think  that  if  this  matter  could  be  followed  out  the  real 
value  of  the  indirect  income  is  greater  than  that  shown 
upon  the  books  of  the  company  as  a  rule. 

Mr.  Dunham  : — Mr.  President,  why  is  that  called  an 
"indirect  income  ?" 

The  President: — Possibly  to  distinguish  it  from 
that  which  appe^irs  on  the  books ;  it  is  to  distinguish  it 
from  the  apparent  financial  income.  I  should  judge  that 
would  be  Mr.  Fuller's  idea ;  if  not  we  would  like  to  have 
Mr.  Fuller  explain. 

Mr  Fuller: — I  do  not  know  whether  the.  term 
"indirect"  is  strictly  proper.  It  is  something  which  is  not 
apparent;  perhai)8  it  might  be  called  "the  unapparenf 
income,"  if  such  a  word  might  be  used. 

Mr.  B.  F.  Stephens  read  the  following  paper: 


STAND-PIPES  FOR   WA  TER   WORKS. 

Mr.  President  and  Members  of  the  American  Water  Works 
Ass^n : 

Gentlemen  : — I  onc8  handed  my  orardener  some  seed 
potatoes  to  plaut  in  drills.  He  replied  :  "1  uever  sowed  potatoes 
in  drills."  "We  learn  all  these  thing:?!  by  practical  experience." 
Later,  while  engaging  a  coachman,  the  gardener's  ''f-xperience^' 
presented  itself,  as  I  asked  him,  "Ever  had  a  runaway?"  "No 
sir,"  said  he.  "Then  I  don't  want  you,"  said  I.  And  when  our 
honored  President  assigned  me  the  subject  of  '^Stand-Pipes  for 
Water  Works,^'  it  appeared  as  thougii  gardener  and  coachman 
had  informed  him  that  1  had  had  some  little  experience  and  a 
first-class  runaway 

But,  gentlemen,  realize  if  you  can  the  prrspective  feelings 
of  the  writer  after  reading  the  first  reply  to  one  of  280  letters 
written  to  Superintendents  and  Secretaries  on  this  subject : 
"I  shall  be  most  happy  to  give  you  the  information  asked  for, 
but  I  really  do  not  understand  what  is  meant  by  stand-pipe." 

I  study  not  to  halt  in  stupid  admiration  over  success,  but 
to  be  diligent  and  patient  in  the  investigation  of  failure. 

A  stand-pipe,  may  I  be  forgiven,  I  will  liken  to  a  bell  in 
the  bellfry — a  suicide.  Its  tolling  is  its  life's  blood  fast  ebbing 
away. 

In  metals  oft-repeated  hammering  and  vibration  causes 
crystalization  and  impairment  of  its  original  tensile  strength. 
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It  is  estimated  that  the  iife  of  an  iron  bridge  is  from  12  to  25 
years.  The  Ashtabula  bridge  was  13  years  old  when  it  fell 
beneath  the  weight  of  2  engines  and  one  heavy  express  train. 

It  is  claimed  that  homogeneous  steel  is  subject  to  rapid 
oxidation  and  unless  made  fibrous  is  inferior  to  iron.  The 
makers  of  steel  now  claim  that  there  is  a  silicious  coating  over 
each  fiber  that  protects  it  from  the  action  of  fire,  where  pure 
Iron  would  perish.  But,  be  this  as  it  may,  Schoenberger  &  Co., 
Pittsburg,  Pa.,  on  finishing  their  steel  plant  allowed  their 
puddling  furnaces  to  stand  idle  for  two  years,  but  now  these 
furnaces  are  in  operation  both  day  and  night.  At  another  mill 
where  nothing  but  steel  was  used  in  the  manufacture  of  car 
axles,  hammered  muck-iron  has  been  substituted.  A  master 
mechanic  of  a  leading  railroad  says  :  "His  company  is  throwing 
out  steel  and  putting  iron  axles  on  all  new  cars."  At  two  mills, 
where  the  sole  products  are  railroad  supphes.  14  new  puddling 
furnaces  have  been  erected.  The  manufacture  of  structural 
steel  is  being  discarded  at  a  leading  mill  because  mechanics 
report  that  steel  nuts  and  bolts  are  brittle  and  break  easily. 

Crystalization  of  iron  or  steel  in  a  stand-pipe  may  be  caused 
by  the  perpetual  vibration  and  silent  hammer-blows  of  moving 
water  which,  slowly  but  surely  by  repeated  impact  turns  the 
fiber  into  a  mass  of  crystal  abiding  only  for  a  certain  time  when 
some  unusual  pressure  will  cause  it  suddenly'  to  break  apart. 
Add  to  this  the  never-ceasing  oscillation  and  concussion,  the 
Inaccessibility  and  inconvenience  allowed  for  inspection  and 
repaii-s,  and  one  trembles  in  the  attempt  figuratively  t)  measure 
the  powerful  strain  of  jar  and  wear  and  tear,  or  to  realize  the 
peculiar  perils  attendant  in  the  preservation  and  life  of  a  stand- 
pipe.  In  view  of  this  the  attempt  to  furnish  a  paper  on  stand- 
pipe  must  be  considered  a  bold  one  requiring  "Nerve." 

In  the  United  States  there  a'-e  as  far  as  known  282  stand- 
pipes  and  tanks  used  for  water  works.  A  stand-pipe  elevated 
on  a  hill,  or  trestle,  or  tower,  may  store  more  water  and  perhaps 
be  a  more  economical  plant,  where  high  service  is  the  rule,  if 
always  kept  filled  ;  but  if  the  object  be  to  satisfy  domestic  pur- 
poses at  a  reduced  head  and  at  the  same  time  conditioned  so  as 
to  promptly  respond  for  fire  pressure  then,  I  take  it,  the  tall 
stand-pipe  of  small  diameter  is  the  most  economical  and  effective. 
To  serve  a  town  of  10,000  and  upwards  there  is  economy  in  the 
long  run  to  run  continuously  with  an  open  stand-pipe  of  water 
to  cushion  against,  rather  than  the  direct  pressure  system. 

Some  may  say,  "  the  lower  half  of  a  stand-pipe  is  of  little 
practical  value."     It  is  a  very  economical  ballast. 

The  stability  of  high  stand-pipes,  either  with  or  without 
guys,  introduces  the  subject  of  "resistance  of  wind-pressure." 
It  is  quite  practicable  to  build  a  water  tower  2-50  or  3-50  feet  high, 
but  oue's  theories,  however  good,  should  as  far  as  possible  be  put 
to  practical  tests  Engineers  regarded  as  authorities,  and  who 
have  given  stand-pipes  much  study,  have  decided  views  and  some 
directly  opposite.  I  am  on  the  theory  that  they  are  self  support- 
ing and  maintain  their  position  by  their  own  inherent  strength. 

A   FEW   PRACTICAL   SUGGESTIONS. 

Where  it  is  possible  a  stand-pipe  should  be  near  the  pumps 
to  prevent   uneven   pressure, ^pulsation   and  water  ram.     Their 
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office  is  to  take  up  the  excess  of  water  and  compensate  for  the 
deflclencv  of  delivery. 

Bottoms. — In  structural  stand-pipe  work  I  do  not  favor 
cast  iron  bottoms,  or  steel  bottoms,  or  steel  angle  iron,  or  steel 
rivets. 

Brackets. — Wrought  iron  bottoms  with  brackets  riveted  to 
the  outside  lower  courses  reaching  up  to  the  second  or  third  sheet 
should  form  the  base.  Brackets  may  be  bolted  to  and  through 
foundation.  Brackets  give  larger  base  area  and  are  additional 
security  against  wind  pressure.  The  bottom  and  first  course 
should  be  made  up  with  a  ring  of  angle  iron. 

Plate. — The  best  width  of  plate  is  what  will  practically 
byild  five  feet.  Thickness  of  iron  and  length  of  plate  should 
vary  according  to  height  and  diameter,  always  keeping  the 
prospective  future  in  view  of  thd  probable  need  of  addition  to 
height. 

Holes. — Holes  should  be  drilled  and  not  punched.  They 
should  coincide  or  be  absolutely  true  to  each  other  so  as  to  avoid 
the  use  of  a  drift  pin.  Where  three  plates  join,  the  overlap  must 
bo  scarfed  down  while  hot  so  the  plates  will  have  a  perfect  and 
equal  strain  at  all  points.  No  fulling  tool  or  fooling  tool  should 
be  allowed  at  such  places. 

Manhole. — The  manhole  should  be  of  wrought  iron  with 
wrought  flanges  and  plate,  and  its  position  most  convenient  at 
the  side.  (The  cast  iron  manhole  is  always  placed  on  the 
sheltered  side,  and  must  be  covered  or  protected  in  winter  with 
box  or  barrel  filled  with  saw-dust  or  some  non-conductor.) 

In-flow  Pi2>e. — The  in-floM' and  out-flow  pipe  should  be  the 
one  pipe  where  the  demands  will  allow. 

Overfllow  Pipe. — The  interior  of  the  upper  part  of  a  stand- 
pipe  should  be  kept  free  and  clear.  Inside  overflow  pipes,  ladders 
and  braces  are  obstructions.     Ice  is  their  enemy. 

Anchors. — Anchors  and  guys  are  unnecessary.  As  un- 
pleasant, unsightly  and  useless  as  so  much  barbed  wire  in  the 
field. 

Material. — A  stand-pipe  should  not  be  built  on  the  economic 
plan.  A  careful  examination  of  the  Table  herewith  appended 
will  convince  the  thoughtful.  Let  the  material  be  first-class 
homogeneous-iron,  with  a  generous  distribution  of  angle-iron 
correctly  applied,  and  it  will  be  found  sufficiently  strong  to  anchor 
itself  whether  empty  or  full,  as  well  as  to  admit  of  aerial  expan- 
sion and  defy  cyclone,  tornado  or  wind-storm. 

Height. — To-day  several  would  gladly  add  to  the  height 
of  the  stand-pipe,  but  cannot  owing  to  a  low  factor  of  safety. 
The  only  alternative  is  to  raise  and  add  to  the  bottom. 

Cover. — A  cover  of  galvanized  iron,  conical  in  shape,  is 
unobjectionable,  provided  there  is  provision  for  a  circulation  of 
air  underneath. 

Freezing. — We  know  of  wooden  tanks  exposed  to  50°  below 
0,  air-space  above  and  below,  made  tight  by  grouting  the  floors, 
prevents  freezing.  Injected  steam  or  heated  pipe  coil,  or  any 
application  of  heat  underneath  or  felted  exterior  is  needless. 
Frequent  pumping  at  intervals  of  8  to  10  hours  into  the  stand- 
pipe,  and  letting  out  or  changing  the  water  on  coldest  days,  is  the 
sure,  easy  and  economical  preventive  against  freeeing. 
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Felt  Covering. — I  bad  an  experience  with  a  stand-pipe 
102x20  ft.  A  felt  covering  man,  a  come-wtien-you-are-away  young 
man,  in  my  absence,  induced  the  executive  committee  to  cover 
8  feet  of  the  lower  part,  guaranteeing  his  felt  covering  would 
prevent  freezing.  They  generously  charged  \  the  bill  to  me, 
which  I  paid  under  protest. 

Paint. — An  asphaltum  paint  is  best.  A  preparation  ap- 
plied to  the  Painesville  stand-pipe  in  1882,  stands  to-day  good  as 
new.  It  does  not  crack  in  winter  nor  run  In  summer.  Color, 
steel  blue. 

Manhole. — The  man-hole  in  the  side,  on  the  first  courge  of 
plate,  is  generally  provided  for  cleaning  out  purposes. 

Sediment. — Many  suppose  that  apparently  brilliant  and 
crystal  clear  water  is  without  sediment,  while  others  know  that 
water  pumped  into  a  reservoir  will  precipitate  more  or  less  the 
particles  held  in  suspension  The  writer  has  discovered  sediment 
a  foot  thick  and  more  deposited  from  purest  looking  water,  being 
the  accumulation  of  about  a  year.  Its  color  was  most  black  and 
foul.  Oh  !  how  much  we  keep  secret  in  this  life.  What !  one 
foot  of  sediment !  Hush,  quiet !  \\  ork  rapid  for  the  water  is  ofT 
the  town.  The  fear  is  a  consumer  discovering  it  and  telling  his 
neighbor. 

Color. — Oh  !  I  could  amuse  you  quoting  answers  to  ques- 
tions under  this  head : 

Louisville,  Ky.,  answered  that  their  sediment  was  "from 
a  pale  and  melancholy-yellow  to  a  rich  sunset-red." 

A  large  manufacturer  of  stand-pipes  writes:  "Stand- 
pipes  are  not  cleaned  out  as  often  as  they  should  be.  The  method 
is  to  empty  the  pipe  ;  waste  the  water  ;  take  off  the  manhole, 
syphon  out  the  water  below  the  manhole  plate  and  send  men 
iuside  with  shovels  and  scrubbing  brushes  to  remove  sediment 
and  muddy  bottom-water  by  hand,  theu  rinse  out,  apply  the 
'hole-cover  and  fill  her  up  again." 

This  operation  costs  loss  of  water,  time,  a  new  gasket,  extra 
labor  and  great  inconvenience  oftentimes  to  manufacturers  and 
business  interests.  Where  direct  pumping  comes  to  the  rescue 
during  this  interim  extra  coal  and  skilled  attendance  is  required 
and  also  what  is  equally  costly,  though  unexpressed  in  dollars 
and  cents,  is  the  anxiety  or  fear  of  accident  anywhere  while  the 
stand-pipe  is  dismantled  and  the  uncertainty  of  making  the  joint 
water-tight  at  the  Mianhole-plate,  and  the  possibility  of  damage 
from  oscillation  or  overthrow  by  wind  storm  where  the  stand- 
pipe  is  not  ballasted  with  water. 

In  1883  the  stand-pipe  at  Painesville,  O.,  had  a  patented 
device  applied,  at  a  cost  of  $100,  which  operates  successfully  to 
cleanse  it  at  pleasure  while  thf,  jy'ipe  is  full  of  water.  After  five 
years  use  I  confidently  recommend  its  utility  and  adaption  as  an 
effective,  essential,  sanitary  adjunct  for  any  stand-pipe.  An 
illustration  and  detail  of  description  is  here  given. 

Patent. — It  consists  simply  of  a  sediment  discharge  pipe 
passing  in  through  the  side  and  terminating  at  or  near  the  center 
and  bottom,  or  wherw  the  dish  is  greatest,  of  the  stand  pipe. 
When  the  valve  in  the  sediment  pipe  is  open  the  column  of  water 
exerts  the  pressure  and  causes  a  rush  of  water  through  the  dis- 
charge pipe  with  such  force  as  to  carry  all  the  sedimentary 
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matter  and  impurities  away  with  it  and  the  reservoir  is  cleaned 
in  from  five  to  ten  minutes.  Typhoid  fever  germs  generate  in 
sluggish  bottoms. 

DESTRUCTION  OF  STAND-PIPES. 

The  Lexington,  Mo.,  stand-pipe  collapsed  June  22,  1885. 
Its  situation  was  on  highest  elevation.  On  a  foundation  there 
were  raised  six  cast  iron  columns  40  inches  in  diameter  by  50 
feet  in  height.  Upon  these  rested  the  stand  pipe  152  feet  high 
by  22  feet  diameter  made  of  half  inch  iron  ;  capacity  365,000 
gallons.  When  ful'  of  water  it  burst,  scattering  the  material  as 
if  exploded.  The  city  had  been  supplied  for  some  weeks  but 
had  not  yet  accepted  it. 

Victoria,  Texas,  partial  collapse.  Size  100  ft.  by  16  ft.  70 
feet  ^  in.  iron;  remaining  30  feet  j\.  When  70  feet  of  water 
was  in  the  pipe  a  cyclone  or  tornado  wind  of  about  80  miles  per 
hour  caused  an  oscillation,  a  swaying,  then  a  bucliling  and 
collapse  of  the  30  feet  not  filled  with  water.  Herewith  is  an 
illustration. 

Oravesend,  N.    Y.,   Oct.  7th,  1886,   burst.     A  total   wreck. 

Newport,  Arkayisas.  Wooden  tank  ;  burst,  great  damage 
resulting. 

Caldwell,  Kansas,  1887  ;  collapsed  while  building.  150  ft. 
by  12  ft.  6  ins.  The  pipe  was  empty.  It  doubled  over  about 
midway,  taking  part  ol  foundation  like  the  uprobting  of  a  tree. 

Flattsmouth,  Nebraska,  March,  1887.  Partially  collapsed 
by  storm  while  empty. 

Cincinnati,  O.    Burst,  a  total  wreck.     Steel  too  light. 

Belleville,  New  Jersey.    100  ft.  x  6  ft.  x  ^  in.  thick. 

Franklin,  Mass.  Iron  tank  30  ft.  high  .by  35  ft.  diam.,  con- 
tents 216,000  gallons,  burst  at  3  a.  m.  Oct.  27,  1887.  They  under- 
took to  raise  it  in  the  air  40  feet  and  rest  it  on  brick  piers.  The 
piers  were  green  and  they  failed  under  the  weight.  The  iron 
was  badly  torn.     A  totarruin. 

.Seneca  Falls,  N.  Y.,  burst  Oct.  27, 1887  ;  size  120  ft.  x  30  ft. 
A  f  thick  plate  fractured.  The  cause  was  bad  quality  of  the 
plate. 

Thomasville,  Georgia,  collapsed  on  Dec.  10th,  1887,  before 
completion.  In  the  erection  of  the  tower,  scaffolding  had  been 
built  so  as  to  serve  as  a  brace  between  the  centre  pier  and  outer 
walls.  This  pier  was  solid  brick  masonry  of  6  feet  diameter. 
The  hoisting  of  brick  to  top  of  tower  swayed  the  pier  out  of 
plumb  and  caused  its  overthrow. 

Houston,  Texas,  foundation  settled.  Made  of  brick  and 
cement.  A  circular  wall  with  cross  sections  was  too  slim  a 
foundation  to  support  a  pipe  of  water  74  ft.  x  20  feet. 

A'anA;aA;ee,  J^^.,  collapsed,  then  blew  over,  breaking  and 
taking  the  hold  down  bolts.     Material,  steel,  120  ft.  x  20  ft. 

The  Gravesend  Stand-Pipe  must  receive  a  passing  notice 
and  I  am  done. 

It  was  erected  under  contract  for  the  "Kings  County  Water 
Supply  Company,"  at  Gravesend,  N.  Y.,  by  the  "Robinson  Boiler 
Works,"  Boston,  Mass.    On  October  7th,  1886,  while  being  filled 
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wth  water,  under  direction  of  Mr.  Robinson,  it  burst  and  fella 
total  wreck  The  pressure  guage  at  the  works  showed  102  lbs. 
This  stand-pipe  was  circular,  made  of  steel-plates  16  feet 
diameter  to  a  hight  of  70  feet,  contracted  at  that  point  by  a  coni- 
cal frustum  25  feet  high  to  a  diameter  of  8  ft.,  which  it  held  to 
the  top,  for  155  feet,  making  a  total  of  250  feet  in  height,  bearing 
the  proud  po^iition  of  being  the  tallest  stand-pipe  in  the  world. 
The  bottom  plate  was  i  inch  steel,  cut  in  quadrouts  and  united 
with  5  inch  lap-joints  of  1  inch  rivets  staggered,  and  of  17  feet 
diameter.  The  foundation  was  17  feet  deep  ;  base,  33  feet  diame- 
ter at  bottom,  by  18  feet  at  top  ;  made  of  concrete  rubble  and 
broken  stone.  Lower  half  of  Kosedale  cement  and  upper  part 
of  Portland,  surrounded  by  a  concentric  ring  of  brick  masonry. 

The  steel  plates  made  up  5  feet  from  centre  to  centre 
throughout.  There  were  6  plates  in  the  circle  of  16  feet  diameter 
and  3  where  it  was  8  feet.  The  lower  or  first  course  of  5  feet  I 
steel  was  to  be  connected  to  bottom  by  6x6x|  inch  angle-iron, 
flanged,  turned  out.  The  next  30  feet  ;[-iuch  ;  then  15  feet^-inch  ; 
all  made  up  with  3  rows  rivets  in  vertical  seam  and  2  rows  in  the 
horizontal  seams  ;  next  20  feet  ^.  making  70  feet  of  16  feet  diam- 
ter  ;  then  25  feet  | ;  taper  from  16  to  8  feet;  then  5  feet  f,  first 
course  above  taper  ;  30  feet  .}  ;  35  feet  | ;  30  feet  ^-^^  ;  30  feet  I ;  35 
feet  j\.  All  the  plates  were  to  be  steel  stamped  60,000  T.  S. 
All  vertical  and  horizontal  seams  above  the  tirst  50  feet  double 
riveted  with  snflicient  lap  to  make  a  good  job. 

On  the  outside  were  two  balconies  and  the  pipe  ladder.  (  f 
the  12  guys — of  1-inch  wire  rope — 6  were  fastened  to  a  welded 
collar  8x|-inch,  seiured  100  feet  from  the  bottom,  and  the  circle 
of  anchorage  was  80  feet  from  centre  of  base  of  tower  ;  and  6  se- 
cured 225  feet  from  bottom  and  anchored  150  feet  from  centre  of 
base.  The  points  of  anchorage  in  the  two  circles  alternating. 
The  guy  anchors  were  3^-inch  iron  rails,  each  imbedded  in  con- 
crete 6x4x8  feet  deep. 

The  joining  of  the  taper  section  with  the  verticals  above 
and  below  the  frustrum  were  strengthened  and  stiflened  with  12 
wrought  4x4  T  irons.  The  25  feet  of  top  was  strengthened  by 
3x3  angle  iron  and  a  ring  of  angle  iron  at  top. 

The  photographs  herewith  show  the  tower  before  and  after 
the  catastrophe,  and  serve  to  illustrate  the  theory  of  its  destruc- 
tion. At  the  95-foot  level,  or  top  of  the  frustum,  the  parting  is 
complete  around  the  circles  and  along  the  upper  line  of  rivets. 
At  the  60-foot  circle,  or  two  sheets  below  the  base  of  the  frustum, 
the  fracture  was  complete  around  the  circle  through  the  riveted 
section  similar  to  the  other.  The  frustum  lay  complete  with  two 
circles  of  plates  of  the  16-foot  cylinder  attached  to  it,  as  shown 
in  the  photograjih.  The  edge  of  the  60-foot  circle  lay  within  a 
foot  of  the  foundation  In  very  few  cases  are  the  rivets  sheared 
or  torn,  and  the  bolts  held  to  either  one  or  the  other  broken 
parts.  8eveuty-two  plates  were  represented  below  the  60-foot 
level.  These  were  shattered  and  scattered  into  thirty  or  forty 
pieces.  The  largest,  containing  fifteen  plates,  weighing  about 
seven  tons,  was  flung  sixty  feet  northwest  of  the  tower.  The 
steel  angle-iron  that  connected  the  base  plate  to  the  first  course 
vertical  was  completely  torn  oft'  in  the  angle  around  the  circle. 
The  fractured  surfaces  of  the  steel  were  scolloped  or  striated  in 
form  on  the  riveted  lines,  and  this  was  true  of  almost  all  the 
fractured  edges  of  the  wreck. 
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There  are  two  flaws  to  be  seen  in  the  fallen  plates,  one  has 
been  checked  from  spreading  b"y  rivets  made  up  in  the  plates  at 
each  end  of  the  scar.  (This  was  undoubtedly  done  in  cold  blood 
to  keep  the  fracture  from  spreading.)  Another  scar  six  inches 
long  extends  from  the  edge  of  the  plate  in  a  zig-zag  way  into 
the  plate.     Marks  of  a  caulking  tool  show  on  each  side  of  it. 

None  of  the  guy  ropes  at  the  tower  end  were  severed.  Two 
iron  rail  anchors  in  the  large  circle  to  W.  S.  W.  and  S.  S.  W. 
were  broken,  and  also  one  in  the  smaller  circle  west. 

The  events  in  this  explosion  were  progressive.  The  tower 
was  being  filled  bj'  order  of  tlv.  Robinson,  and  he  was  about  to 
ascend  in  a  cage  on  the  outside  to  do  some  caulking.  The  water 
was  within  ten  feet  of  the  top.  On  examination  I  am  convinced 
that  the  first  burst  occurred  on  the  north  side  of  the  14th  course, 
which  is  one  course  below  the  base  of  the  frustrum  at  a  height 
of  65  feet.  This  bursted  plate  shows  distinct  striction.  It  '\»  laid 
open  like  a  door  on  hinge  standing  half  ajar.  The  fracture  was 
on  one  plate  from  the  end  of  the  plate  to  one  half  its  length. 
The  rupture  coursed  along  the  inner  rivet  line  on  the  vertical  as 
well  as  along  the  upper  and  lower  horizontal  inner  rivet  lines. 

A  gushing  hissing  noise  followed  the  explosion,  a  surging 
crash,  and  all  was  over.  The  force  of  water  through  this  aper- 
ture and  against  this  half  opened  sheet,  acted  as  a  shaky  rudder 
to  give  a  centrifugal  fling  to  the  structure.  Instantaneous 
vibration  throughout  shook  it  to  its  foundation,  twisting  the 
cylinder  on  a  vertical  axis,  ripping  the  lower  seams,  rending  the 
unhomogeneous  plates  into  fragments,  sending  them  to  the 
positions  they  now  occu J  y  on  the  field  The  entire  upper  part, 
above  the  60  foot  circle,  fell  vertically,  with  a  rotary  movement 
from  west  to  east,  striking  the  bed  plate  on  the  north-east  section 
and  careened  over,  E.  N.  E.,  breaking  or  snapping  ofl  at  the  95 
foot  level  on  the  rivet  line,  as  before  described,  by  the  blow  on 
the  ground.  The  foundation  remains  intact.  The  elastic  limit 
of  a  homogeneous  steel  was  not  passed. 

Messrs.  Schoenberger  &  Co.,  of  Pittsburg,  Pa.,  writes  me 
that:  "they  did  not  furnish  all  the  sheet  plates  and  that  it  was 
not  proper  for  the  builder  to  put  the  brass  plate  reading, 
"Schoenberger  &  Co.'s  steel,  Pittsburg,  Pa.  Tensile  strength 
60,000  lbs.  on  the  stand-pipe.  The  quality  was  ordinanj  tank 
steel.  We  always  decline  to  put  our  name  to  ordinary  tank  steel, 
fearing  that  it  might  be  used  for  boilers  or  purposes  for  which 
we  would  recommend  a  better  grade.  We  never  heard  of  a 
stand-pipe  of  such  an  extraordinary  height  as  250  feet." 

In  conclusion,  assuming  that  the  first  rupture  occurred  in 
the  first  or  lower  ring  and  the  pressure  100  pounds  to  the  square 
inch,  the  strain  on  each  inch  of  height  of  the  plate  would  be 

16  ft. +  12  in. +  100  pounds  _  g  g^^  ^oun^B. 

And  this  plate  |  of  an  inch  thick,  would  make  the  strain  per 
square  inch  =  9,600  +  |  =  10,970  pounds.  The  rivet  pitch  being 
3J  inches  and  the  rivets  one  inch  makes  the  actual  strain 

3i 

10,970  H =  15,850  pounds. 
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If  the  sheet  metal  was  rolled  cold,  and  if  the  holes  were 
punched  cold,  these  must  have  been  elements  of  weakness,  and 
this  weakness  would  increase  with  the  thickness  of  the  plates 
used.  To  illustrate,  imagine  Fig.  A  to  represent  a  curved  metal 
plate. 


If  this  plate  is  thin  the  compression  of  the  inside  surface 
a.,  and  the  extension  of  the  outside  surface  b.,  when  rolled  will 
be  little,  but  as  we  increase  the  compression  and  extension  of 
the  inside  and  outside  parts,  until  with  an  exceedingly  thick 
plate  the  inside  a.  would  wi inkle  or  pucker,  and  the  outside  b. 
would  crack  open  or  become  so  weak  from  compression  and  exten- 
sion that  they  would  resist  but  little  strain.  Punching  leaves  the 
metal  around  phe  hole  in  a  strained  state,  therefore  the  only- 
safeguard  is  to  drill  them.  Close  inspection  is  necessary  to  see 
that  steel  is  homogeneous,  fibrous  and  ductile.  But  until  steel 
is  made  as  ductile  and  fibrous  and  workable  and  sure  as  iron,  it 
cannot  be  given  preference  to  iron,  or  even  considered  as  good 
for  structural  purposes. 

For  the  theory  of  Wind-strains,  Tendency  to  Slide  and 
Overturn,  Material,  Riveting,  Pressures,  Factors  of  Safety, 
Grades  of  Metals,  Limiting  Depths  of  and  Thickness  of  Metalsj 
&c.,  I  refer  you  to  the  incomparable  work  of  J.  I.  Fannin o-'s 
Hydraulic  and  Water  Supply  Engineering. 

Mr.  Fuller:— I  would  like  to  ask  Mr.  Stephens, 
Mr,  President,  if  he  does  not  think  that  this  conical  reduc- 
tion in  the  sheer  of  the  stand  pipe  had  something  to  do 
with  its  collapsing  or  giving  way. 

Mr.  Stephens  : — No,  sir ;  I  do  not  think  it  had  any- 
thing whatever  to  do  with  it.  It  was  braced  on  the  inside 
by  angle  irons,  running  above  and  below  the  frustruin,  and 
they  were  not  broken  in  the  least,  but  the  rivets  all  parted. 
As  I  said,  the  rivets  remained  with  one  piece  or  the  other, 
but  they  remained  intact.  One  was  broken  by  the  blow 
on  the  ground,  and  the  other  was  broken  by  the  twisting 
motion.  I  am  quite  certain  that  the  rivets  were  too  small 
for  the  work.  In  cold  weather  we  have  never  had  any 
trouble  with  stand-pipes,  so  long  as  we  pumped  into  them 
two  or  three  times  a  day.  For  that  reason  I  never  appre- 
hend any  danger  from  ice. 


110 

Mr.  Fuller  : — It  seems  to  me  that  there  must  have 
been  an  upward  thrust  on  this  inclined  portion  of  this 
stand-pipe — a  thrust  against  what  the  horizontal  projection 
of  that  inclination  would  be — and  that  the  iron  below  this 
conical  reduction  had  not  only  to  sustain  the  pressure  that 
would  be  due  to  the  height  of  water  at  that  point,  tending 
to  push  it  out  and  tear  it  apart  in  that  way,  but  that  there 
was  also  a  tendency  to  tear  it  apart  by  the  thrust  against 
this  inclined  portion,  and  that  if  the  stand-pipe  had  been 
a  continuous  stand-pipe  of  the  same  diameter  top  and 
bottom,  or  if  there  had  been  a  gradual  inclination,  it  would 
not  have  given  way. 

Mb.  Stephens  : — No,  sir,  that  had  nothing  to  do  with 
it.  If  it  had  been  of  iron  or  ductile  it  would  have  been 
intact  to-day  I  believe.  You  are  right  as  regards  the  strain 
on  the  conic  portion,  but  the  specifications  were  such  as 
would  obviate  all  that.  It  was  made  stronger  in  conse- 
quence, and  braced  as  a  precaution. 

Mr.  Fuller: — Was  it  made  strong  enough  to  stand 
anything  but  the  pressure  that  would  be  due  to  the  height 
of  water  above  successive  sheets,  the  horizontal  strain  1 

Mr.  Stephens  : — It  was,  as  we  thought. 

Mr.  Fuller  : — I  understood  at  the  time  that  it  was 
thought  that  it  was  not  made  strong  enough  to  stand  any- 
thing but  this  horizontal  pressure,  and  that  no  provision 
was  made  for  anjlhing  else. 

Mr.  Stephens  : — Oh,  certainly,  that  was  done,  but 
I  attributed  the  accident  solely  to  the  quality  of  the 
material. 

Mr.  Dunham  : — Mr.  President,  I  would  like  to 
inquire  in  regard  to  this  stand-pipe,  if,  before  it  was  quite 
filled,  the  outside  of  the  pipe  all  the  way  around  did  not 
turn  up  from  the  foundation  :  and  after  that  did  they  not 
put  in  the  braces  that  Mr.  Stephens  speaks  of  on  the 
inside  of  the  pipe  ? 

Mr.  Stephens  : — There  were  braces  put  in  after- 
wards as  a  precaution ;  yes,  sir. 

Mr.  Dunham  : — Was  it  not  because  the  outside  of 
the  pipe  all  the  way  around  turned  up  from  the  foundation  "? 

Mr.  Stephens  : — There  was  a  little  tremulous  motion 
there  that  would  be  perceptible  by  placing  between  the 
bottom  of  the  stand-pipe  and  the  foundation  a  knife  blade. 
You  could  feel  it  on  the  knife  blade. 
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Mr.  Dunham  : — Then  there  was  an  upward  strain  on 
the  outside  of  the  stand-pipe  sufficient  to  lift  the  weight 
of  the  water  ? 

Mr.  Stephens  :— It  would  lift  it,  as  I  say,  so,that 
you  could  thrust  a  knife  blade  between  the  bottom  of  the 
stand-pipe  and  the  foundation.  But,  for  fear  that  this  might 
increase,  we  adopted  the  putting  on  of  these  braces. 

Mr.  Hague: — How  were  these  braces  arranged, 
the  braces  at  the  bottom  of  the  stand-pipe  ? 

Mr.  Stephens  : — The  brace  was  prepared  of  angle 
iron  and  fastened  to  the  inner  side  of  the  stand-pipe  above 
and  below  the  cone.  Then  afterwards  there  were  put  in 
braces  from  the  bottom,  fastened  to  the  second  and  third 
sheets,  in  a  diagonal  way. 

Mr.  Hague: — It  strikes  me  that  braces  inside  of  a 
stand-pipe  that  is  circular  in  form  might  defeat  the  distri- 
bution of  the  strain.  The  strain  in  a  circle,  of  course, 
would  bring  it  in  a  tensile  direction  on  the  metal ;  but  if 
you  put  a  brace  across  a  section  you  might  tie  it  at  a  point 
where  it  wanted  to  give,  and  make  a  cross  strain  on  the 
metal,  something  of  that  kind,  and  with  a  low  quality  of 
tank  steel  it  might  have  been  up  to  70  or  80  tensile  strength 
in  spots.    That  might  account  for  the  breaking. 

Mr.  Stephens: — This  breaking  occurred  on  the 
second  plate,  sixty-five  feet  from  the  top.  That  was  dis- 
tinctly seen  by  men  upon  the  ground.  The  building  was 
oif  about  six  hundred  feet,  and  there  were  perhaps  twelve 
or  fifteen  men  who  witnessed  the  affair.  The  water  was 
gushing  out  of  that  place,  and  that  caused  this  vibratory 
motion  and  this  turning  of  the  thing  upon  its  axis,  and  it 
all  went  over. 

Mr.  Hague  : — How  do  you  account  for  it  ? 

Mr.  Stephens  : — I  have  already  said;  shall  I  repeat  it? 

Mr.  Hague  : — I  mean  in  short  terms.  The  plate 
was  cracked  I  suppose  ? 

Mr.  Stephens  : — Yes,  sir.  The  plate  I  speak  of,  on 
the  sixty-five  foot  level,  first  gave  way  and  it  opened  in 
that  manner,  and  this  water  rushing  against  this  place 
caused  the  whole  thing  to  tremble  and  vibrate  from  top 
to  bottom. 

Mr.  Hague  : — Was  there  any  cross  brace  near  the 
place  where  the  breakage  was  ? 
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Mr.  Stephens: — No,  sir,  none. 

Mr.  Fuller: — I  would  like  to  ask  Mr.  Stephens  if 
he  remembers  roughly  or  approximately  how  many  of 
these  stand-pipes  which  he  has  tabulated  have  an  interior 
pipe,  a  rising  pipe  as  it  is  sometimes  called.  I  think  he 
said  that  he  thought  it  was  better  not  to  have  anything 
inside  of  the  stand-pipe. 

Mr.  Stephens  : — The  one  at  Augusta,  Georgia,  was 
extended  in  this  manner  in  1882.  I  thought  I  built  the 
first  one  myself,  but  that  anticipated  me  a  year  I  find;  I 
have  built  two  in  that  manner.  As  the  Shoenbergers 
wrote  me,  they  did  not  furnish  all  the  steel  for  this  stand- 
pipe,  which  shows  that  there  were  two  qualities  of  steel 
in  it ;  I  am  sorry  that  I  have  not  brought  a  sample  with 
me  ;  I  could  have  illustrated  it  very  nicely.  The  one  I 
speak  of  in  Augusta  is  a  perfect  success ;  I  have  a  drawing 
of  it  which  I  can  show  you. 

Mr.  Judson  : — You  speak  of  extending  the  height  of 
the  stand-pipe  afterwards  I 

Mr.  Stephens  : — Yes,  sir. 

Mr.  Judson  : — How  is  that  done ;  from  the  inside  ! 

Mr.  Stephens  : — From  the  inside  or  the  outside. 
Of  course  it  is  easier  to  make  them  now  than  it  was  years 
ago.  1  recollect  that  we  put  a  very  expensive  staging 
around  the  first  stand-pipe  I  had  built,  costing  about  §800. 
Now  you  can  put  up  a  staging  for  §25,  or  you  can  put  a 
cage  inside. 

Mr.  Judson  : — We  built  one  at  Sandusky  and  used 
boats  on  the  water.  I  have  been  very  much  interested  in 
this  discussion,  inasmuch  as  at  Sandusky,  Ohio,  we  have 
a  stand-pipe  which  is  twenty-five  feet  in  diameter  and  one 
hundred  and  eighty  feet  high  above  the  rock,  and  inside 
of  this  is  placed  a  smaller  stand-i)ipe,  rising  forty-five 
feet  higher  than  the  large  stand-pipe.  The  centers  are 
the  same  for  both  stand-pipes.  This  obviates  the  dilEculty 
that  Mr.  Stephens  spoke  about  in  regard  to  using  a  stand- 
pipe  for  both  domestic  and  fire  purposes.  In  case  of  fire, 
by  closing  one  gate  we  pump  the  water  directly  into  the 
higher  stand-pipe  and  raise  it  up  to  the  225  feet,  which 
gives  approximately  a  pressure  of  100  pounds  to  the 
square  inch.  The  large  stand-pipe  is  provided  with  a 
check  valve  just  outside  so  that  the  water  cannot  come 
back  into  it.     It  has  been  in  use  about  eleven  years  and 
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we  find  that  it  works  very  satisfactorily ;  it  has  given  us 
no  trouble  at  all.  We  have  had  some  little  difficulty  in 
regard  to  the  ice  ;  that  is  the  worst  objection  I  see  to  that 
form.  The  ice  has  a  tendency  to  collect  around  the  smaller 
pipe,  but  by  simply  rigging  a  steam  pipe  up  on  the  out- 
side of  the  pipe,  turning  it  over  on  the  inside  and  blowing 
steam  for  two  or  three  days  during  very  severe  weather 
we  can  loosen  the  ice  from  the  smaller  stand-pipe,  and  it 
never  has  done  any  damage  to  amount  to  nnything.  The 
smaller  pipe  is  a  gu}'  to  the  larger  one.  There  are  cross 
braces  on  the  top  of  the  larger  pipe,  tying  them  to  the 
smaller  one,  so  as  to  strengthen  it  or  to  brace  it  from 
swinging  either  one  way  or  the  other.  We  do  not  have 
any  cast-iron  or  wrought-iron  bottom  ;  it  is  simply  set  into 
the  natural  surface  of  the  rock,  tvith  a  cast-iron  shoe, 
which  is  leaded  and  caulked  in ;  and  then  there  are  anchor 
irons,  some  inch  and  a  half  in  diameter,  I  believe,  running 
about  eight  feet  into  the  rock  and  leaded  in.  About  a 
year  or  a  year  and  a  half  ago  we  had  it  cleaned  out,  and 
for  two  days  it  was  empty,  and,  although  there  was  quite 
a  high  wind,  I  could  not  see  that  there  was  any  more 
movement  in  the  stand-pipe  than  when  it  was  full. 

Mr.  Stephens  : — I  am  glad  you  gave  me  the  height 
of  that  stand-pipe.  I  was  asked  the  other  day  which  was 
the  largest  stand-pipe  in  the  world,  and  the  builders  wrote 
me  that  they  thought  the  next  to  the  largest  was  the  one 
at  Houston,  Texas,  and  the  largest  at  Sandusky.  From 
information,  I  will  state  then,  that  the  stand-pipe  at  Hous- 
ton, Texas,  is  the  stand-pipe  of  largest  capacity  in  the 
world,  150  feet  high  by  '.^0  feet  in  diameter.  I  gave  those 
dimensions  myself.  The  first  one  at  Houston,  74x20,  gave 
way  from  the  iusecure  foundation,  or  foundation  of  cross 
walls.  I  insisted  on  that  height  for  that  stand-pipe,  and 
very  positively  stated  it.  I  got  a  letter  from  the  makers 
the  other  day  asking  whether  or  not  it  was  the  largest 
stand-pipe  in  the  world,  and  I  wOl  very  cheerfully  reply 
to  them  now.     I  am  very  much  obliged  to  you. 

Adjourned  until  8  o'clock  p.  m. 
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Evening  Session,  Wednesday,  April  18th,  1888. 

The  Association  met  in  the  City  Council  Chamber  at 
8  o'clock. 

Vice-President  Warner,  of  the  Civil  Engineers'  Club 
of  Cleveland,  was  called  to  the  chair,  and  introduced  Mr. 
Joliu  Whitelaw,  Superintendent  of  the  Water  Works  of 
Cleveland,  who  read  the  following  paper : 

CLEVELAND   WATER   WOBKS. 

BY   JOHN   WHITELAW,  C.    E. 

Gentlemen  and  Members  of  the  American   Water   Works  Asso- 
ciation : 

I  have  been  invited  by  the  resident  members  of  your 
Committee  of  Arrangements  to  prepare  a  brief  description  and 
history  of  the  Cleveland  Water  Works,  and  to  read  the  same  at 
this  meeting. 

While  I  have  been  identified  with  these  works  two-thirds 
of  the  period  of  their  existence,  and  am,  therefore,  familiar  with 
nearly  every  detail,  I  must  confess  that  when  called  upon  to 
write  a  description  and  give  a  historical  sketch,  the  task  seems 
very  much  greater  than  when  the  subject  was  first  suggested  to 
me,  and  I  make  the  attempt  with  no  small  degree  of  misgiving 
as  to  my  ability  to  do  the  subject  justice. 

The  first  definite  action  taken  to  procure  a  public  water 
supply  for  the  City  of  Cleveland,  was  the  appointment  of  Mr. 
T.  R.  Scowden  as  Engineer,  who  on  the  28th  of  Fabruary  and 
afterwards  in  June,  1853,  reported  plans  and  estimates.  Of  three 
plans  submitted,  the  one  locating  the  works  west  of  the  mouth 
of  the  river  was  adopted,  the  water  from  this  point  being  less 
liable  to  contamination  by  the  discharges  from  the  river.  The 
work  of  construction  was  commenced  in  1854,  and  lake  water  let 
into  the  mains  for  the  first  time  on  September  24th.  1856. 

The  reservoir  had  a  storage  capacity  of  six  million  gallons, 
and  was  built  on  the  top  of  an  artificial  bank  raised  22  feet  above 
the  street  level.  The  engine  house,  boiler  rooms  and  stand  pipe 
tower,  rested  on  a  foundation  laid  on  a  solid  timber  raft,  that  in 
turn  was  laid  on  quicksand.  The  pumping  machinery  consisted 
of  one  pair  of  purely  Cornish  beam  engines,  exact  duplicates. 
The  steam  cylinders  are  70  inches  diameter  with  a  stroke  of  10 
feet.  The  double  beam  is  29  ft.  10^  ins.  between  end  centers; 
width  across  the  fulcrum  6  ft.  8  in.  Weight  of  beam  with  center 
shaft  is  40  tons.  The  arms  of  the  beam  are  unequal,  the  longer 
end  connecting  with  steam  cylinder  being  15  ft.  11.  in.  ;  the  end 
connecting  with  the  pump  plunger  is  13  ft.  \\h.  in.  The  pump 
plungers  are  30  inches  in  diameter,  and  have  a  stroke  of  8  ft.  9  in., 
the  displacement  for  each  stroke  being  nearly  321  gallons.  The 
maximum  speed,  pumping  against  a  head  of  166  feet  in  the 
stand  pipe,  was  about  llj  strokes  or  100  feet  per  minute  when 
running  a  single  engine. 
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The  boilers  are  of  the  Cornish  type,  6  feet  in  diameter  and 
30  feet  lon^  The  best  duty  these  endues  have  ever  shown  is 
about  50  milUous  Water  was  dehvered  to  the  reservoir  through 
a  24-inch  pumpinof  main  about  2,200  feet  long.  From  the  reservoir 
to  the  central  part  of  the  city  water  was  brought  by  a  20-iuch 
pipe.  This  pipe  furnished  ail  the  water  used  east  of  the  river 
until  1866 

The  works  as  originally  completed,  consisted  of  one  pair 
of  Cornish  eugijies,  having  a  daily  capacity  when  coupled 
together  and  run  continuously  at  the  greatest  speed  they  could 
attain  when  so  coupled,  of  about  7^  million  gallons. 

The  pipe  system,  including  three  miles  of  mains  irora  16 
inches  to  24  inches,  was  only  13  miles,  and  one-half  of  the  small 
pipe  was,  4  inch. 

The  number  of  stop  gates  was  130  and  of  fire  hydrants  44. 

Water  was  taken  from  the  lake  300  feet  from  the  shore  and 
one  mile  west  of  the  river,  and  conveyed  to  the  pumps  through 
a  brick  aqueduct  of  oval  form  4x5  feet  and  about  half  a  mile 
long.  The  works  when  completed  according  to  the  original  de- 
sign of  the  engineer,  cost  $526,713.  Mr.  Scowden  in  his  final 
report  to  the  Board  of  Trustees  says:  "The  capacity  of  these 
works  to  deliver  water  is  greater  than  the  originally  estimated 
wants  of  the  population  the  works  were  intended  to  supply, 
which  was  for  100,000.  The^' are,  however,  capable  of  supplying 
at  least  200,000  inhabitants  with  an  abundance  of  water.  By  an 
enlargement  of  the  main  pump  barrel  and  plunger  to  each  Cor- 
nish engine  which  was  contemjilated  in  the  plans,  the  supply 
may  be  increased  to  an  unlimited  extent.  No  fear  can  be  enter- 
tained that  the  present  water  works  in  the  next  fifty  years  will 
fail  to  yield  a  superabundant  supply  of  water."  In  1867,  jvist 
after  the  completion  of  the  original  works,  the  average  con- 
sumption of  water  per  day  was  1,908,000  gallons.  Four  years 
later  the  consumption  had  doubled,  and  the  rate  of  annual 
increase  had  reached  25  per  cent.  In  1870  the  work  of  building 
the  lake  tunnel  was  commenced  ;  the  purpose  of  this  Avas  two- 
fold :  first,  to  secure  a  sujjply  of  water  uncontaminated  by  the 
discharges  from  the  river,  which  was  then  as  now  the  outlet  of 
many  main  sewers,  as  well  as  being  the  channel  for  conveying 
to  the  lake  the  refuse  from  the  many  oil  refineries  and  slaughter- 
houses situated  along  its  banks  and  tributaries.  The  second  and 
equally  important  object  was  to  secure  an  increa,sed  supply  of 
water.  It  was  found  that  during  low  stages  of  water  in  the 
lake,  the  quantity  delivered  to  the  pumps  was  not  equal,  at 
times,  to  the  capacity  of  one  engine,  and  the  rapid  rate  of  increase 
in  demand  admonished  the  Board  of  the  danger  of  a  water  famine 
in  the  near  future  unless  the  supply  was  increased.  Chicago 
about  this  time  had  completed  her  first  tunnel,  and  investiga- 
tions of  the  formation  underlying  the  lake  in  front  of  us,  showed 
substantially  the  same  kind  of  clay,  and  it  was  decided  to  adopt 
the  plan  so  successfully  carried  out  by  our  western  neighbor. 
Preliminary  work  was  commenced  in  the  latter  part  of  August, 
1869,  and  after  battling  with  many  difficulties  a  tunnel  five  feet, 
in  diameter  and  one  and  three-fourth  miles  long  was  completed 
and  put  in  use  about  the  first  of  March,  1874,  at  which  time  the 
daily  average  consumption  had  reached  about  5^  million  gallons, 
with  a  maximum  monthly  use  of  Hj^y  millions.  In  July,  1874, 
just  18  years  after  the  original  works   were  completed,  a  new 
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piimpinof  engine  of  10  million  gallons  daily  capacity  was  added 
to  the  plant  that  was  to  furnish  all  the  water  required  for  fifty 
years.  Two  y(>ars  later  another  engine  of  the  same  size  was  ad- 
ded ;  thus  in  1876,  just  twenty  years  from  the  date  of  the  comple- 
tion of  the  first  plant,  the  machinery  reqnired  lor  making  certain 
a  supply  of  water  in  times  of  greatest  demand  was  of  a  capacity 
more  than  three  times  greater  than  was  supposed  to  be  ample 
for  fifty  years. 

The  third  new  engine  was  added  in  1882,  and  a  fourth  in 
1884,  leaving  the  pumping  capacity  at  this  time  exclusive  of  the 
original  Cornish  engines  40  millions,  with  two  15  million  Knowles 
engines  now  in  process  of  erection.  These  will  doubtless  be 
ready  for  service  by  July  next,  when  the  total  capacity  will  be 
70  million  gallons  daily. 

Main  pipes  were  of  course  necessary  to  take  the  water 
from  these  engines.  For  the  supply  of  the  east  side  of  the  river, 
one  16  inch,  one  20  inch  and  two  30  inch  mains  are  in  use,  with 
one  30  inch  for  the  supply  of  that  part  of  the  city  west  of  the 
river.  In  crossing  the  river  three  wrought-iron  pipes  are  used, 
two  of  them  being  36  inches  and  one  33  inches  in  diameter. 
They  are  all  half-inch  thick,  double  riveted,  and  are  from  220  to 
270  feet  in  length,  and  dip  by  easy  curves  about  25  feet  below 
the  water  line,  trenches  having- been  excavated  in  which  to  place 
them. 

In  1882  twenty  acres  of  land  was  purchased  and  appropri- 
ated on  which  to  build  a  reservoir  for  the  supply  of  the  lower 
and  average  elevations  of  the  older  portions  of  the  city,  and  a 
lot  on  which  to  place  buildings  and  machinery  for  elevating 
water  to  levels  that  could  not  be  reached  with  a  head  suitable 
for  the  northern  and  western  part  of  the  ciry.  At  the  same  time 
another  tract  of  ten  acres  was  purchased  distant  about  100  rods 
east  of  the  city  limits,  on  which  to  build  a  reservoir  for  a  high 
service  system.  The  head  of  water  in  the  low  service  reservoir 
is  170  feet,  that  in  the  high  one  being  325  feet  above  Lake  Erie, 
or  a  difference  of  155  feet  The  dividing  line  between  the  high 
and  low  service  sj'stems  being  fixed  arbitrarily  on  the  120  foot 
contour  line,  gives  a  maximum  head  for  the  uj^per  service  of  205 
feet,  and  a  minimum  head  of  20  feet.  The  minimum  head  in  the 
low  service  was  made  greater  than  in  the  upper  one  for  the  reason 
that  only  a  very  limited  area  is  embraced  within  the  305  foot 
contour  line. 

The  low  service,  or  what  is  designated  Fairmount  Reser- 
voir, (named  from  one  of  the  streets  passing  it)  consists  of  two 
distinct  basins  of  unequal  size,  made  to  conform  to  the  outline 
of  the  land.  The  capacity  of  the  larger  one  is  47  million,  and 
the  smaller  one  33  million  gallons. 

The  high  service  reservoir  covers  nearly  ten  acres,  and  has 
a  storage  capacity  of  about  38  million  gallons.  Water  is  pumped 
to  this  reservoir  from  Fairmount  Reservoir  by  the  old  Cornish 
engines  that  were  removed  from  the  lower  pumping  station  to  a 
building  erected  for  their  reception  at  the  lower  reservoir.  The 
'main  leading  to  the  upper  reservoir  is  30  inches  in  diameter,  and 
13,000  feet  long.  The  total  number  of  miles  of  pipe  in  the  two 
systems  on  the  first  day  of  January  last  was  251 1,  of  which  15 
miles  is  in  the  high  service  system.  We  have  about  5000  stop 
gates  in  both  systems,  and  2517  fire  hydrants. 
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The  number  of  service  couiiections  at  this  time  is  about 
25,000,  We  have  in  use  1,525  water  meters  and  registers,  aud 
during  last  year  the  average  quantity  of  water  measured  per  day 
was  nearly  5J  million  gallons. 

The  total  water  pumped  in  1887  reached  a  daily. average  of 
22]  million  gallons,  while  the  average  for  the  mouth  of  July  was 
nearly  32  millions.  The  minimum  monthly  average  was  in 
April,  when  the  quantity  was  only  ITfj  millions  daily. 

On  the  24th  of  March  last  a  contract  was  awarded  for 
building  an  additional  tunnel  from  the  inlet  crib  to  the  lower 
pumping  station.  This  tunnel  will  be  7  feet  in  diameter  and 
9,200  feet  long,  and  is  calculated  to  deliver  110  million  gallons  per 
day,  with  a  head  of  13J  feet  on  the  suction  pipes.  In  estimating 
the  delivery,  due  allowance  was  made  for  the  inequalities  of  sur- 
face in  the  masonry,  as  well  as  for  the  angles  at  the  shafts. 
When  this  work  is  completed  the  daily  delivering  capacity  of  the 
two  tunnels  will  be  over  150  million  gallons.  The  red  lines  on 
the  map  show  the  territory  embraced  within  tlie  high  service 
district,  and  the  blue  lines  indicate  the  main  pipe  lines  as  well 
us  the  existing  and  proposed  tunnel. 

A  Member: — What  revenue  do  you  derive  from 
your  works  here  ? 

Mr.  Whitblaw  :     The  income  ? 

A  Member  :^Yes,  sir. 

Mr.  Madison,  (Secretary  of  the  Cleveland  Water 
Works  Department) :— About  $400,000, 

Mr.  Tubes  :— Mr.  Whitelaw,  I  would  like  to  know,  if 
you  have  it  in  mind,  about  the  rate  in  growth  in  population 
of  the  City  of  Cleveland  for  a  period  of  ten  or  twenty 
years  back. 

Mr.  Whitelaw  : — The  population  of  Cleveland  in 
1796  was  4;  in  1830  (by  the  first  D".  S.  census)  the  popula- 
tion was  1,075;  in  1810,  10,135;  in  1850,  17,645;  in  1860, 
43,838 ;  in  1870,  92,825 ;  in  1880,  160,140 ;  in  1885,  by  police 
census,  205,446;  in  1886,  by  police  census,  214,013. 

Mr.  Tubbs  : — I  think  I  asked  you  the  question  in- 
dividually ;  I  would  like  to  have  you  answer  it  publicly 
if  you  can.  About  what  is  the  average  consumption  of 
water  per  head  per  day  ? 

Mr.  Whitelaw  :— It  is  about  90  gallons.  I  think  a 
little  over  90  gallons. 

Mr.  Tubbs: — Is  that  90  gallons  for  the  whole  popu- 
lation ? 

Mr.  Whitelaw  :— Yes,  sir,  that  is  for  the  whol^ 
population. 
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Peest.  Fanning: — Mr.  Chairman,  I  undestand  tliat 
Mr.  Whitelaw  made  some  experiments  with  the  use  of 
crude  oil  in  his  furnaces.  I  know  mauy  of  our  members 
are  very  much  interested  in  that  question.  Perhaps  he 
can  give  us  some  facts  that  will  be  of  value  to  us.  If  so, 
we  will  be  very  glad  to  listen  to  them. 

Me.  Whitelaw  : — During  the  fall  of  last  year  we 
experimented  for  some  time  with  crude  oil  as  a  fuel,  and  I 
made  a  memorandum  at  the  time  of  a  special  test  that  was 
made  during  fifty-four  hours,  two  and  a  quarter  days. 

"  The  following  calculations  show  the  relative  value 
of  coal  and  petroleum  as  fuel  for  making  steam,  as  deter- 
mined by  trial  with  oil  at  the  Water  Works  pumping 
station  on  Division  Street,  beginning  at  l:4:o  o'clock  P.  M. 
September  30th,  and  terminating  at  7:45  o'clock  *P.  M. 
October  2nd,  being  fifty-four  hours  or  2]  days: 

COAIi   FUEL,. 

Coal  consumed,  average  (the  average  was  taken  for  the 
year  1SS6),  3,000  lbs.  per  1,000,000  gallons,  (taking  the 
same  quantity  of  water  that  was  pumped  with  the  oil), 
33f  tons,  at  an  aveiage  cost  of  SI  35  per  lou,  making  the 

cost  for  coal $45  56 

Labor,  one  firemau  54  hours,  at  23  cents  an  hour 12  42 

Coal  wheelers,  2^  days,  at  $1.66? 3  75 

Hauling  ashes,  one  day 2  75 

Total  cost  of  pumping  22,500,000  gals,  water $64  48 

OIL   FUEL. 

Oil  consumed,  6,131  gallons  at  1\  cents  per  gallon $76  64 

Labor,  one  man  ^  of  54  hours,  or  27  hours  (that  is  assum- 
ing that  one  ma:i  would  attend  two  batteries  of  boilers 
just  as  easily  as  one  battery),  at  18J  cents 4  95 

Total  cost  of  pumping  22,500,000  gallons $81  59 

"That  sum,  less  the  expense  of  the  same  work  using 
coal,  shows  a  difference  in  favor  of  coal  of  817.11^  or  a  per 
diem  saving  of  $7.60.  One  year,  for  one  battery  of  boilers, 
$2,274.  Per  million  gallons,  75  cents.  One  year  pumping 
20,000,000  per  day,  85,475.  A  saving  in  favor  of  the  use 
of  coal. 

"  With  coal  at  8L85  per  ton,  the  cost  of  making  steam 
would  be  about  the  same  as  with  oi]  at  the  price  stated 
above." 

At  the  same  time  we  made  an  evaporation  test. 

"The  following  evaporative  test  of  oil  fuel  was  made 
at'the  West  Side  pumping  station  of  the  Water  Works, 
beginning  September  30th  at  1:45  o'clock  P.  M.,  and  ter- 
minating at  7:45  o'clock  P.  M.  October  2nd: 
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Duration  of  test,  54  hoars. 

Water  evaporated,  at  a  temperature  of  138  degrees, 
10,058  cubic  feet. 

Weight  per  cubic  foot,  62.39  pounds. 

Total  weight,  627.519  pounds. 

Gallons  of  oil  used,  6,131,  at  7i  pounds  per  gallon, 
44,450  pounds. 

The  result  in  evaporation,  taking  those  elements, 
gives  14,117  pounds  of  water  evaporated  for  one  pound  of 
oil,  the  temperature  of  the  water  being  138  degrees." 

Me.  0.  G.  Force,  (Late  City  Civil  Engineer  of 
Cleveland) : — 1  would  like  to  ask  what  was  the  price  of  oil  ? 

Mk.  Whitelaw  : — li  cents  a  gallon., 

Mr,  Force:— That  would  be  about  62^  cents  a 
barrel,  and  oil  at  the  present  time,  I  understand,  can  be 
purchased  for  from  17  to  20  cents  a  barrel. 

Mr.  Whitelaw  : — That  was  the  price  we  paid  for  it. 
We  did  not  include,  however,  any  interest  on  plant  for 
feeding  the  oil.  The  price  named  by  Mr.  Force  was  at  the 
wells  ;  freight  should  be  added  for  prices  in  Cleveland. 

Mr.  Tubes  : — Mr.  Whitelaw,  a  gentleman  of  the 
Association  asks  me  to  inquire  if  you  are  able  to  give  the 
total  cost  of  your  water  works  plant  up  to  date. 

Mr.  Whitelaw  : — Our  Secretary  is  present.  I  think 
he  can  give  the  figures  more  closely  than  I  can. 

Mr.  Madison  : — Substantially  five  millions. 

Mr.  Tubes  : — I  desire  to  ask  another  question  ;  it  is 
a  little  out  of  the  line  of  this  discussion  perhaps.  I 
suppose  bonds  were  issued  for  the  construction  of  the 
works  ? 

Mr.  Whitelaw  : — Yes,  sir. 

Mr.  Tubes  : — Are  you  providing  a  sinking  fund  for 
paying  those  bonds  ? 

Mr.  Whitelaw: Before  the    water  works   were 

built  the  city  subscribed  for  stock  in  several  of  the  rail- 
roads leading  into  Cleveland,  which  were  built  or  being- 
built,  and  it  happened  to  be  a  good  investment.  The  city 
"went  in  on  the  ground  floor,"  as  the  saying  is ;  the  stock 
was  watered  a  good  many  times  afterwards,  and  from  a 
very  small  original  amount,  an  investment  of  a  few  hun- 
iLted  thousands,  the  city  got  somewhere  in  the  neighbor- 
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hood  of  a  million  and  three  quarters.  That  money  was 
pledged  for  the  redemption  of  the  original  bonds  that 
were  issued  for  the  water  works.  The  total  debt  of  the 
water  works  at  the  present  time  is  about  $1,750,000,  and 
$950,000  of  that  is  already  provided  for. 

Mb.  Tubes  : — There  is  a  yearly  provision  being  made 
for  a  sinking  fund  now  from  your  net  receipts  ? 

Mr.  Whitelaw  : — No,  sir. 

President  Fanning  : — We  remember  Mr.  Whitelaw 
had  some  pretty  serious  difBcnlties  in  putting  his  first 
tunnel  out  under  the  lake.  I  wish  he  would  tell  us  some- 
thing about  what  the  trouble  was,  out  of  the  ordinary  run, 
what  he  found  to  be  the  nature  of  the  soil,  and  what  gave 
him  the  most  trouble. 

Mr.  Whitelaw  : — The  nature  of  the  soil  under  the 
lake  is  very  similar  to  that  of  Chicago,  but  there  seem  to 
be  fractures  running  through  it  that  appear  not  only  in  the 
clay  in  the  lake,  but  fractures  running  in  the  same  direction 
appear  in  all  the  quarries  through  the  rock  through  this 
part  of  the  State,  or  in  the  vicinity  of  Cleveland.  These 
lines  of  fracture  run  from  nearly  northeast  to  southwest, 
and  the  clay  in  general  was  very  hard  and  dry.  So  that 
any  fracture  that  came,  from  whatever  cause  it  did  come 
— probably  from  the  same  cause  that  broke  the  rock  in 
the  quarries  through  this  part  of  the  State— seems  never  to 
have  closed ;  and  the  probability  is  that  our  tunnel  was 
not  very  far  from  the  rock,  although  borings  indicated  that 
at  the  outer  end  we  were  some  fifteen  or  twenty  feet  above 
the  rock,  and  about  ten  feet  at  the  shore  above  the  rock. 
But  water  found  its  way  through  these  seams  or  cracks  in 
the  clay,  and  gradually  cut  the  clay  away  and  let  in  quick- 
sand. The  only  thing  we  could  do  in  such  a  case  as  that 
was  to  build  a  bulkhead.  After  battling  with  the  quick- 
sand for  some  time,  we  built  a  bulkhead  across  the  tunnel 
and  made  a  curve  around  the  bad  ground.  We  did  that 
two  or  three  different  times.  So  that  the  tnnnel  is  not  a 
very  straight  one. 

The  next  difficulty  was  out  near  the  inlet.  Working 
in  from  the  outer  end,  we  found  considerable  soft  clay, 
clay  too  soft  to  stand  in  place  while  the  brick  work  could 
be  laid.  The  means  adopted  to  overcome  that  was  a  shield, 
somewhat  after  the  pattern  of  what  I  suppose  most  of 
you  have  seen — the  "Beach  Shield."  At  the  time  it  was 
made  I  never  had  seen  that  or  seen  a  description  of  it.  I 
made  drawings  for  one  and  had  it  made  here  ;    the  shield 
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was  used  for  about  130  feet,  until  the  soft  clay  was  passed. 
The  brick  work  was  built  about  sixteen  inches  in  length  at 
a.  time,  two  lengths  of  brick  inside  the  shield,  and  the 
shield  moved  forward  by  hydraulic  rams ;  after  passing 
about  130  feet  the  shield  was  not  necessary  in  any  other 
portions  of  it. 

But  the  worst  difficulty  we  had  to  encounter  was 
water,  and  finally  sand  following  the  water  through  these 
cracks  in  the  clay. 

Mr.  Tubes: — What  depth  is  your  tunnel  below  the 
ordinary  surface  of  the  lake  ? 

Mr.  Whitelaw  : — At  the  shore  end  it  is  78  feet ;  at 
the  lake  end  it  is  about  91  feet  below  the  lake  level.  The 
depth  of  water  at  the  inlet,  at  the  crib,  is  38  feet. 

Mr.  Fanning: — Down  near  the  pumping  station  we 
noticed  a  bay.  It  appears  to  be  an  arm  extending  back 
from  the  present  channel  of  the  river.  Has  the  river 
changed  its  bed  there  ? 

Mr.  Whitelaw,  (pointing  to  a  map  of  tbe  city): — 
The  river  at  one  time  came  in  that  direction,  and  had  an 
outlet  there;  there  was  where  the  discharge  was  at  the 
time  of  the  early  settlement  of  Cleveland.  Vessels  could 
not  enter  where  the  present  mouth  of  the  river  is,  but 
could  get  out  at  the  other  at  that  time ;  that  is,  small, 
light  draught  vessels ;  but  this  channel  was  opened,  has 
been  improved  by  the  Government,  and  is  made  the  outlet 
of  the  river  now. 

Mr.  Fanning  : — Did  you  find  any  indications  of  the 
river  channel  having  crossed  your  tunnel  line  "? 

Mr.  Whitelaw  : — Yes,  sir ;  I  think  we  crossed  what 
was  the  old  channe-l  of  the  river  twice  in  building  the 
tunnel,  but  the  depth  was  not  as  great  ihere  as  near  the 
inlet,  and  the  clay  held  in  place  until  the  masonry  could 
be  put  in.  The  reason  for  supposing  it  was  an  old  channel 
of  the  river  was,  that  taking  the  point  at  the  present  end 
of  the  old  river  channel  and  laying  down  on  the  map  the 
places  that  were  crossed,  showing  this  soft  clay,  it  would 
give  a  very  natural  channel  of  the  river.  It  crossed  that 
way,  (pointing  to  map),  and  back  again,  and  back  that  way 
again  ;  so  that  it  was  crossed  at  one  time  in  that  direction, 
and  the  second  time  it  was  crossed  the  angle  was  in  the 
opposite  direction;  and  at  the  same  time,  in  entering  the 
soft  clay,  it  was  found  on  an  incline  of  perhaps  eight  or 
ten  degrees,  and  in  leaving  it  the  inclination  was  in  the 
other  direction,  showing  that  the  channel  was  in  a  V  shape. 
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Mr.  Tubes  : — Is  youi"  engine-house  foundation  on 
piles  ? 

Mr.  Whitelaw  : — The  one  on  the  south  side  of  the 
street  is  on  piles,  and  the  one  on  the  north  side  is  on 
timber — a  raft — sunk  in  the  mud.  The  foundation  for  the 
boiler-house  and  chimneys,  immediately  in  its  rear,  is  on 
piles. 

Mr.  Dunham  : — Mr.  President,  I  dislike  to  display 
my  ignorance,  but  when  I  look  out  on  the  Lake  I  cannot 
tell  within  fifty  or  seventy-five  feet  the  diameter  of  the 
crib,  and  when  I  look  at  that  model  I  cannot  tell. 

Mr.  Whitelaw  : — That  model  i«  just  one  twenty- 
fourth  the  size  of  the  crib ;  the  sides  of  the  crib  are  54 
feet  each;  the  circumscribing  circle  is  about  90  feet  ;  the 
depth  of  timber  work  from  top  to  bottom  is  64  feet.  The 
structure  went  down,  into  the  clay  about  13  feel ;  was 
sunk,  when  it  was  laid,  with  stone,  and  the  storms 
operated  on  it. 

Mr.  Fanning  : — Did  you  lower  it  by  undermining  it  ? 

Mr.  Whitelaw: — No,  sir  ;  it  went  down  from  the 
weight  that  was  on  it,  and  the  rocking  motion  that  it  got. 
from  storms. 

Mr.  Fanning  : — What  was  the  process  of  anchoring 
it,  so  as  to  sink  it  in  proper  position  ? 

Mr.  Whitelaw  : — When  it  was  built  the  bottom  was 
caulked,  the  same  as  a  vessel  would  be,  up  to  a  draught- 
line  of  fifteen  feet.  Sufficient  weight  was  put  in  it  so  that 
when  taken  to  place,  by  opening  gates  that  were  provided 
in  it,  it  would  sink  and  rest  on  the  bottom  itself.  The 
weight  of  stone  that  was  put  into  it,  when  it  was  towed 
out  to  place,  was  sufficient  to  sink  it. 

Mr.  Fanning  :— What  is  the  depth  of  water  where 
it  is  sunk  ? 

]\lR.  Whitelaw  : — 38  feet.  The  vessels  were  lying 
ready  to  go  out  and  lie  along  the  five  sides  of  it  and  throw 
stone  in  as  soon  as  it  was  sunk  in  place ;  so  that  there 
were  in  the  ne'ghborhood  of  a  thousand  tons  of  stone  put 
in  it,  in  addition  to  what  was  in  it  when  it  was  towed  out 
the  day  it  was  sunk:  but  that  did  not  fill  it,  and  the  storms 
that  followed  closely  after  rocked  it  so  that  it  worked 
down  into  the  clay. 
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Me.  Force  ; — What  means  did  you  use  to  check  the 

settlement  of  the  crib  ? 

Mr.  Whitelaw  :— We  put  rip-rap  on  the  outside — 
filled  up  with  pier  stone  against  the  five  sides  of  it  until 
the  weight  outside  balanced  it. 

Mr.  Troy  : — What  provisions,  if  any,  are  made  to 
protect  it  from  anchor  ice. 

Mr.  Whitelaw  : — We  have  never  been  troubled 
witb  leal  anchor-ice.  Two  years  ago  last  January  we  had 
a  heavy  snowstorm,  with  the  temperature  of  the  water 
very  near  the  freezing  point,  down  to  about  32  degrees, 
and  at  the  same  time  the  snow  was  falling  thin  ice  was 
forming  on  the  Lake,  and  the  ice  and  snow  tof;ether  formed 
a  compact  mass  of  slush  lunning  out  to  the  crib  or  be- 
yond it.  The  temperature  changed,  and  the  wind  changed, 
and  that  mass,  with  these  floating  balls  of  snow,  encased 
in  ice,  floated  out  and  broke.  Of  course,  the  ice  floating 
out  bieaks  against  the  cjib  and  parts.  At  the  same  time 
water  was  being  used  here  lavishly  to  prevent  pipes  from 
freezing,  and  the  suction  was  unusual,  and  these  balls  of 
snow,  encase*';  in  ice,  were  drawn  in,  and  they  closed  the 
inlet  to  the  shaft.  At  the  time  that  happened  there  was  a 
timber  cap  laid  ever  the  top  of  the  shaft  and  bolted  down 
to  the  top,  to  prevent  anything  from  falling  from  above 
into  the  shaft;  the  openings  underneath  were  2J  or  3  feet 
by  5  on  two  sides,  allowing  the  water  to  pass  in,  and  these 
balls  of  slush  choked  those  inlets.  But  anchor-ice  we 
never  have  had.  The  bottom  of  the  inlet  into  the  crib  is 
34  feet  l>elowthe  surface  of  the  I^ke,  and  there  has  never 
been  any  indication  of  anchor-ice  there  at  all.  We  once 
had  the  same  condition  of  things  occur  in  the  old  iiJet 
before  the  tunnel  was  built.  The  same  conditions  pre- 
vailed belore  the  stoppage  that  did  before  and  during  the 
stoppage  at  the  tunnel:  We  had  a  similar  snow  storm, 
under  similar  conditions  of  temperature,  and  the  aqueduct 
filled  with  this  slush  for  several  hundred  feet  in  length. 

Mr.  Fanning: — Is  the  interior  wall  caulked? 

Mr.  Whitelaw: — It  was  caulked  up  to  a  line  to 
allow  the  crib  to  float  with  its  load.  I  think  it  was  about 
fifteen  feet  from  the  bottom  up  that  it  was  caujked.  The 
rest  of  it  is  just  the  timbers  lying  one  upon  another,  with- 
out any  provision  made  to  prevent  water  Irom  getting  in. 

Mr.  Maxwell: — What  means  do  you  adopt  for  get- 
ting rid  of  the  slush  when  it  enters  the  tunnel  °? 
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Mk.  Whitelaw: — Well,  since  tliis  last  occurrence 
we  have  placed  a  boiler  with  a  double  steam  pipe — that  is, 
a  large  pipe  with  a  small  one  running  inside  of  it — to  raise 
the  temperature  at  any  point  we  desire  to.  We  have 
never  had  occasion  to  test  it  in  a  practical  way,  but  we 
tested  it  on  floating  ice  that  was  in  the  well  last  winter, 
and  it  melted  that  off  in  about  five  minutes. 

Me.  Maxwell  : — Did  this  obstruction  last  long  when 
it  occurred  ? 

Mr.  Whitelaw  : — Yes,  sir  ;  it  was  thirty-six  hours 
before  we  could  get  relief. 

Mr.  Force  : — How  are  your  pipes  arranged  in  the 
water  ? 

Mr.  Whitelaw  : — It  is  a  small  pipe  run.  inside  of  a 
large  one. 

Mr.  Force  : — Surrounding  a  coil  of  pipe  ? 

Mr.  Whitelaw  : — Yes. 

Mr.  Dunham  : — Dees  the  model  represent  the  whole 
plan  of  the  crib  ? 

Me.  Whitelaw  : — Oh,  no  :  it  only  shows[_four  or  five 
courses  of  it.  That  was  made  to  assist  the  contractors  in 
bidding  on  the  ,work,  more  than  anything  else. 

Me.  Fanning: — I  understand  you  are  just  about  to 
begin  the  building  of  a  new  tunnel.     Is  that  so  ? 

Me.  Whitelaw  : — Yes,  sir. 

Me.  Dunham: — The  two  tunnels  will  not  be  cltse 
together  ? 

Mr.  Whitelaw: — Oh,  no,  sir;  about  thirty  feet 
apart  at  the  inlet  and  sixteen  hundred  feet  at  the  shore  line. 

Mr.  Babcock  : — Was  the  ground  originally  level? 

Mr.  Whitelaw: — Yer,  sir. 

Mr.  Babcock: — You  did  not  have  to  adopt  any 
means  of  making  it  level  f 

Mr.  Whitelaw: — No.  We  had  a  diver  go  down 
and  make  the  examination.  The  ground  was  perfectly 
level.  ]n  fact,  the  inclination  of  the  bottom  of  the  Lake 
is  about  as  true  as  an  engineer  would  stake  it  out  for  a 
uniform  grade. 
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Mr.  Fuller: — I  would  like  to  ask  if  those  new 
shafts  will  be  bricked  up  to  connect  with  the  brick-work 
of  the  tunnel  ? 

Mr.  Whitelaw  :— The  lower  part  of  the  shaft  is 
lined  with  brick-work,  and  the  bottom  of  the  iron  lining  is 
not  supposed  to  go  down  as  far  as  the  top  of  the  tunnel.  The 
expectation  is  to  find  clay  there  hard  enough  and  firm 
enough  to  remain  in  place,  so  that  excavation  can  be  made 
below  the  bottom  of  the  castings,  to  the  level  of  the  tun- 
nel, where  a  curved  connection  between  the  shaft  and  the 
tunnel  will  be  made — a  curve  having  a  radius  of  about 
four  feet,  so  as  to  cut  the  corners  off. 

Mr.  Fanning  :— What  is  the  size  of  the  pocket  that 
yoTi  are  to  use  for  the  new  tunnel  ? 

Mr.  Whitelaw: — Do  you  mean  the  pocket  in  the 
crib? 

Mr.  Fanning  :— Yes,  sir. 

Mr.  Whitelaw  :— It  is  about  eleven  feet  and  a  half. 

Mr.  Fanning  : — Are  you  to  cut  some  inlets  into  that  ? 

Mr.  Whitelaw: — Yes,  sir;  inlets  will  be  cut  from 
the  outside  about  twenty  feet  below  the  surface. 

Mr.  Fanning: — And  do  you  have  any  gate  arrange- 
ment by  which  you  can  close  those  ? 

Mr.  Whitelaw:' — No,  sir;  that  is  one  thing  that  I 
wanted  to  avoid.  In  consultation  with  Mr.  Chesbrough 
before  building  our  first  tunnel  he  advised  me  not  to  use 
any  gate  in  the  shaft,  but  to  take  the  water  directly  over 
the  top,  having  a  cylinder  ready  to  place  on  to  shut  the 
water  off"  in  case  it  was  ever  necessary.  With  our  pres- 
ent works  we  screen  the  water  at  the  pumping  works ;  we 
intend  now  to  screen  the  water  at  the  crib — that  is  to 
make  a  trial  of  it,  and  let  the  crib-keeper  clean  the  screens 
every  day — circular  screens  in  the  form  of  cylinders,  giv- 
ing the  whole  circumference  of  the  shaft  for  screening- 
surface. 

Mr.  Fanning:— And  you  have  no  fear  of  trouble 
through  anchor-ice  from  that  plan  ? 

Mr.  Whitelaw: — Well  we  may  have,  but  of  course 
we  will  watch  it  very  closely  and  if  there  is  any  danger 
they  can  be  very  easily  lifted  oft',  they  are  just  set  on  top 
of  the  shaft.     Of  course  now  we  would  not  suffer  imme- 
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diately  if  there  was  a  stoppage,  because  we  have  a  stor- 
age of  water  that  would  last  us,  at  the  present  time  and 
for  some  time  to  c^me,  at  least  a  few  days.  At  the  time 
our  last  trouble  occurred  we  had  no  storage. 

Mr.  Fuller: — About  what  was  the  cost  of  the  first 
tunnel  that  was  built  ? 

Mr.  Whitelaw:— The  first  cost  was  8320,000. 

Mr.  Fuller  : — And  that  was  how  long? 

Mr.  Whitlaw: — It  was  G,60G  feet.  That  included 
the  crib  and  making  connections  on  the  shore  with  the 
old  aqueduct  that  is  mentioned  in  the  paper.  Since  the 
Lake  tunnel  was  completed  it  has  been  extended  from  the 
Lake  shore  to  the  pumping  works.  The  original  aqueduct 
was  Used  in  connection  with  the  tunnel  for  about  two 
years. 

Mr.  Dunham  : — Does  the  presence  of  the  crib  in 
the  Lake  create  a  disturbance  in  the  water  so  as  to  make 
it  turbid  ? 

Mr.  Whitelaw  : — No,  I  think  not.  I  Ihink  that  has 
no  effect  at  all  on  the  water.  The  generally  accepted 
belief  is,  that  the  water  is  not  disturbed  down  any  deeper 
that  the  height  to  which  it  rises  above  the  general  level  in 
storms.  The  sediment  we  have  is  what  is  raised  by  storms 
acting  on  shallow  water.  I  believe  that  is  the  generally 
accepted  belief. 

Mr.  Fanning: — Do  you  not  find  some  evidence  of 
circulation  about  the  Lake?  When  the  wind  is  blowing 
in  one  direction,  say  diagonally,  a  number  of  days,  does  it 
not  set  a  considerable  body  of  water  in  motion  ? 

Mr.  Whitelaw: — In  a  bay  that  is  formed  by  a  pro- 
jection of  the  shore,  about  two  or  three  miles  west  of  us, 
there  is  an  eddy  along  the  Lake  shore  ;  that  is,  there  is  a 
flow  of  water  up  the  Lake,  which  I  have  noticed  by  re- 
peated observations.  I  have  detected  it  from  the  presence 
of  coal  oil  which  is  discharged  from  the  river.  That  was 
before  any  ^orks  were  west  of  us.  1  have  found  coal  oil 
four  and  five  miles  west  of  us  out  on  the  Lake,  along  the 
shore. 

Mr.  Tubes  : — I  suppose  the  sewage  of  Cleveland 
passes  into  the  Lake  ? 

Mb.  Whitelaw  : — Yes,  sir. 
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Mr.  Tubes  : — It  is  a  delicate  question  to  ask  a 
citizen  of  Cleveland,  or  any  other  city,  I  suppose,  but  I 
desire  to  know,  if  possible,  whether  you  have  ever 
discovered  that  the  water  at  your  inlet  crib  was  affected 
by  the  sewage. 

Mb.  Whitelaw  : — We  have  at  certain  times.  When 
the  Lake  is  covered  with  ice  and  the  spring  freshets  come 
without  the  ice  moving  out,  the  water  from  the  river  will 
spread  then  and  go  we  do  not  know  how  far,  and  the 
river  water  at  such  times  does  reach  the  inlet.  But  those 
occasions  are  very  rare.  Those  two  conditions  have  got 
to  come  together  to  make  it  so. 

Mr.  Fanning: — Does  not  the  breakwater,  in  its 
present  form,  tend  to  deflect  such  current  as  there  may  be 
in  the  Lake  ? 

Mr.  Whitelaw  : — It  sets  that  current  out  as  much 
farther  from  where  it  was  before  the  breakwater  was 
built  as  the  breakwater  is. 

Mr.  Fanning: — Does  it  deflect  it  in  the  direction  of 
the  crib,  or  away  from  the  crib  ? 

Mr.  Whitelaw  : — In  the  direction  of  the  crib.  The 
breakwater  is  located  about  half  a  mile  from  shore.  That 
of  course,  carries  this  shore  eddy  that  much  fauther  out 
in  the  lake.  Another  thing :  We  find  tbat  since  the  break- 
water was  built  the  reaction  of  the  waves  on  the  crib  from 
the  shore  is  very  much  heavier  and  more  severe  than  it 
used  to  be.  The  seas  striking  the  crib  now  from  the  shore 
side  are  very  much  hv^avier  than  they  were  before  the 
breakwater    was  built. 

Mr.  Force  : — Mr.  Whitelaw,  have  you  not  made  some 
observations  upon  the  Lake  shore  that  indicate  that  the 
general  tendency  of  the  current  is  down  '? 

Mr.  Whitelaw  : — Oh,  yes,  the  general  tendency  is 
down. 

Mr.  Force  : — I  was  afraid  that  perhaps  your  answer 
to  one  of  the  questions  would  lead  gentlemen  to  think 
that  the  main  current  along  the  Lake  was  westerly. 

Mr.  Whitelaw: — The  main  current  is  down  the 
Lake.  We  have  proved  that  very  conclusively  from  sets 
of  analyses  of  the  water  that  we  have  had  taken  this  fall, 
and  which  will  be  published  in  our  next  report. 
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Mr.  Tubes  :T-The  prevailing  winds  would  affect  that, 
anyway,  would  they  not  f 

Mr.  Whitelaw: — They  affect  the  surface  water. 
I  do  not  think  they  ever  affect  the  water  down  to  the 
depth  at  which  the  water  is  that  taken  out. 

Mr.  Tubes  : — But  the  prevailing  wind  would  carry  it 
it  down  the  Lake  ? 

Mr.  Whitelaw  : — Down  the  lake,  yes,  at  certain 
seasons  of  the  year. 

Mr.  Tubes  : — I  was  perfectly  sincere  and  honest  in 
as-king  the  question.     It  is  a  matter  of  public  import. 

Mr.  Whitelaw: — We  commenced  in  July  last  tak- 
ing samples  of  water  on  four  different  lines  in  the  lake  out 
to  a  distance  of  two  miles,  taking  a  sample  at  four  feet 
helow  the  surface,  and  at  tive  feet  above  the  bottom  every 
half  mile,  beginning  at  a  half  mile  from  shore  and  terminat- 
ing at  two  miles  out.  These  were  all  taken  on  the  same 
day  and  the  water  was  put  in  glass  stoppered  bottles  and 
sent  immediately  to  the  laboratory,  where  the  analyses 
were  made  and  repeated  in  each  month,  choosing  the 
most  stormy  day  that  we  could  find  during  the  month  for 
collecting  the  water.  We  found  that  the  general  charac- 
ter of  the  water  west  of  the  river  was  very  much  better 
than  east  of  the  river.  Then,  in  order  to  get  a  standard 
with  which  to  compare  all  of  them,  we  took  samples  out 
fifteen  mi  es  in  the  Lake  in  seventy-five  feet  of  water, 
taken  from  near  the  bottom  and  near  the  surface,  to  see 
whether  there  was  a  difference.  The  analyses  of  those 
samples  will  be  shown  in  connection  with  the  report. 

Mr.  Fanning  : — Has  that  table  of  analyses  been 
published  yet  I 

Mr.  Whitelaw  : — It  is  in  the  printers'  hands  now. 
It  will  be  out  in  the  course  of  a  few  days,  probably. 
There  are  graphic  tables  given  showing  the  different  im- 
purities on  the  different  lines  where  the  samples  were 
taken.  One  set  of  samples  was  taken  about  five  miles 
east  of  the  mouth  of  the  river,  the  next  set  of  samples 
was  taken  about  two  miles  and  a  half  from  here,  the  next 
set  to  the  west  was  taken  on  a  line  with  the  present  inlet, 
and  the  westerly  set  at  the  point  of  land  you  see  project- 
ing in  the  Lake  to  the  west.  The  best  samples  of  water 
that  were  found,  within  the  two  mile  limit,  were  found  on  the 
westerly  line,  that  is,  at  a  distance  of  two  miles  out,  but 
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the  shore  water  appears  to  be  just  as  much  coiitamiuated 
as  that  taken  from  the  line  of  the  crib.  That  also  indi- 
cated this  current  that  I  speak  of;  the  eddy  up  the  Lake. 

Me.  Tubes  : — I  should  like  to  express  to  Mr.  White- 
law  my  sincere  congratulations  on  his  very  exhaustive 
report  in  regard  to  the  water  works  of  Cleveland,  and  I 
hope  the  President  of  our  Association  will  do  it  on  behalf 
of  the  Association,  as  well  as  the  thanks  of  the  Associa- 
tion to  the  Engineers'  Club  of  Cleveland. 

Mr.  Warner  : — There  has  been  some  inquiry  rela- 
tive to  the  system  of  keeping  the  water  works  accounts, 
and  to  give  us  light  on  that  subject  I  will  ask  the  Secre- 
tary, Mr.  Madison,  to  favor  us  with  some  remarks. 

Mr.  Madison,  Secretary  of  the  water  works  depart- 
ment of  Cleveland,  then  read  the  following  paper  : 

WA  TER    WORKS  A  CCO  UMTS. 

BY    W.    A.    MADISON. 

i^r'.  President  and  Gentlemen  of  the  American  Water  Workx 
Association  : 

T  feel  highly  flattered  in  receiving  from  your  Secretary, 
Mr.  J.  H.  Decker,  an  invitation  to  say  something  to  your  Society 
on  the  subject  of  water  works  accounts  as  they  are  kept  in  the 
ofUce  of  the  water  department  of  the  City  of  Cleveland. 

A])preciating  very  highly  the  honor  done  me,  and  witli  an 
earnest  desire,  even  in  a  small  wa.y,  to  assist  in  making  your 
short  stay  in  our  city  one  of  both  pleasure  and  profit,  I  cheer- 
fully comply  with  the  request,  at  the  same  time  realizing  my 
inability  to  do  the  subject  justice. 

There  are  In  the  aggregate  at  the  present  time  twenty-five 
thousand  water  takers  who  pay  their  bills  over  our  counter  twice 
a  year.  This  number  is  increasing  at  the  rate  of  twenty-five 
hundred  a  year.  How  to  keep  the  accounts  of  this  large  number 
in  a  way  that  is  simple,  systematic  and  plain  .  how  to  save  time 
to  the  public  who  call  to  pay,  by  giving  them  quick  despatch, 
thereby  saving  time  and  labor  to  the  clerks  who  serve  them,  are 
questions  which  to  me,  and  to  some  of  you  in  charge  of  as  large 
or  larger  departments,  questions  of  the  greatest  importance. 

As  a  result  of  sixteen  years  experience  with  water  works 
accounts  from  the  time  when  the  number  of  services  was  a  little 
over  three  thousand,  I  find,  that  with  the  methods  in  use  then, 
it  would  be  almost  impossible  to  handle  the  business  as  it  is  now, 
unless  the  present  office  force  was  increased  three  times  at  least. 

The  basis  of  all  our  accounts,  as  in  all  cities,  is  the  assess- 
ment or  survey'  of  the  i^remises  supplied  with  water  under  the 
rules  and  regulations  as  provided. 

This  work  is  in  the  hands  of  four  assessors  who  make 
daily  written  reports  of  all  plumbers  work,  both  new  and  old,  to 
the  clerk  iu  charge  of  assessments,  who  writes  these  reports  into 
a  book  ruled  iu  columns,  headed;  Date,  Assessment  No.,  Con- 
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nection  No,  Owner's  Name,  Street  Number,  Street,  Details  of 
Assessment,  Amount,  Addition  to  Same,  Deduction  from  Same. 
This  book  is  one  of  perma-ent  usefulness,  holding  the  record  of 
twenty  thousand  assessments,  and  taking  the  place  of  twenty 
books  heretofore  kept. 

Th  ;  service  as  it  is  issued  beinj^  numbered  and  the  assess- 
ment as  it  is  entered  being  numbered,  the  numbers  entered  one 
against  th<?  other,  makes  a  complete  reference.  This  system 
brings  all  assessments  into  oi-e  book  and  makes  every  line  in  the 
boolTeount  for  something.  Where  premises  are  re-assessed  the 
new  assessment  number  supersedes  the  old  one 

For  the  purpo-e  of  rapid  collection,  in  being  able  to  fi  id  a 
bill  of  an  account  on  a  moment, s  notice,  an  absir  ict  of  the  assess- 
ments is  made  in  th"^  order  of  streets,  the  abstract  book  being 
ruled  in  columns  showing  the  Connection  .Number,  Bill  No., 
iSame,  Transfei-  to  Wliom,  Premises,  Street  Number,  Street, 
Amount  Semi-Annual  Collections,  a  column  for  additional  assess- 
ments and  column  for  date  of  payment ;  by  duplicating  the 
columns  here  mentioned  the  abstract  covers  the  collection  for  a 
year,  which  when  tooted,  plus  additions,  less  unpaid,  must  agree 
with  cash  receipt. 

Thus  in  S'llid  compact  form  all  bills  being  entered  on  the 
abstract,  corresponds  to  all  bills  that  have  been  received  and 
entered  on  the  f^ash  book  and  exact  balance  is  produced.  By  the 
aid  of  a  numbering  machine  that,  with  unerring  accuracy,  prints 
or  stamps  consecutively  a  number  from  one  to  one  million,  the 
bills  and  the  abstract  of   the  same  are  numbertd. 

Each  bill  is  furnished  with  a  stub  numbered  as  the  bill, 
showing  the  amount,  which  when  the  bill  is  paid  is  turned  in  to 
the  cashier  witli  the  mouey,  who  arranges  tha  stubs  as  they  are 
received  in  numerical  order,  so  that  when  entered  at  night  labor 
may  be  saved  in  posting. 

The  number  of  the  bill  and  amount  is  all  that  is  entered 
on  the  daily  cash  book. 

The  posting  is  done  with  the  numbering  machine,  and  at 
the  rate  of  five  hundred  bills  an  hour. 

I  will  conclude  this  imperfect  presentation  of  the  system 
of  accounts  as  kept  in  this  office,  by  taking  as  an  illustration  one 
day's  business. 

On  the  21st  day  of  October,  1887,  1,250  bills  were  paid,  no 
customer  was  detained  more  than  one  minute,  money  was  re- 
ceived and  deposited  with  the  City  Treasurer,  cash  was  balanced, 
bills  were  entered  and  posted  each  to  its  proper  accoant  before 
the  office  was  closed  at  night. 

To  handle  so  large  a  number  of  people  in  so  short  a  time, 
to  have  all  the  work  in  its  detail  finished  at  night,  to  reduce  the 
account  books  from  twent^'-flvo  to  not  to  exceed  four  by  utilizing 
every  inch  of  spaca  and  in  cash  bo  )ks  reducing  the  number  from 
four  to  one,  or  rather  making  one  book  last  as  long  as  four  used 
to,  in  its  being  less  liable  to  errors  from  its  exceeding  simplicity, 
the  saviiig  of  time  to  the  public,  whose  servants  we  are,  in  giving 
them  quick  dispatch,  the  saving  in  minutes  to  each  amounting 
to  many  days  to  them  in  the  aggregate,  are  to  me  practical  proofs 
that  there  are  some  merits  in  the  system  that  may  commend 
themselves  to  your  judgment. 

Adjourned. 
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Morning  Session,  Thursday,  Apbil  19,  1888. 

The  meeting  was  called  to  order  by  the  President,  at 
10  o'clock. 

Mr.  Charles  A,  Hague  was  requested  to  address  the 
Association  on  the  subject  of  "Feed  Water  Heaters  and 
Condensers." 

Mr.  Hague  spoke  as  follows  : 

Mr.  President  and  Gentlemen: — I  was  put  down  for 
a  paper  on  "  Feed  Water  Heaters  and  Condensers,"  but 
owing  to  a  press  of  business  I  kept  putting  the  thing  off 
till  finally  I  put  it  off  a  little  too  late,  and  did  not  get  the 
l)aper  ready.  I  suppose  I  owe  the  Association  an  apology, 
or  a  few  words  at  least,  and  I  have  made  a  few  hasty  notes 
on  the  subject,  which  I  hope  you  will  accept  in  place  of 
the  paper : 

Feed  Water  Heaters.— This  is  a  matter,  of  course, 
applying  directly  to  the  pumping  machinery.  It  is  useless 
to  advocate  the  use  of  Feed  Water  Heaters ;  almost 
everybody  is  aware  of  the  importance  of  such  a  thing. 
The  heat  developed!  by  the  coal  in  the  furnace  is  to  make 
the  steam  used  in  the  engine — as  we  all  know,  and  the 
greater  part  of  this  heal  is  lost  in  the  exhaust  after  a  very 
small  part  of  it  has  done  work  in  the  engine.  Now,  every 
unit  of  this  heat  that  can  be  saved  and  put  l)ack  into  the 
boiler  in  the  shape  of  heading  the  feed  water  is,  of  course, 
so  much  clear  gain.  Theoretically,  and  from  practical 
experience  and  observation,  I  have  made  up  my  mind,  at 
least,  that  the  gain  in  heating  feed  water  is  about  one  per 
cent,  for  each  ten  degrees  that  the  feed  water  is  raised. 
For  example,  if  from  exhaust  steam  or  any  artificial  means 
outside  of  the  fire,  the  feed  water  can  be  heated  to  say  150 
degrees  above  what  it  would  be  taken  out  of  the  well  at, 
according  to  my  idea  we  would  gain  about  fifteen  per  cent, 
in  economy  of  fuel. 

The  question  often  comes  up  about  placing  a  feed 
water  heater  between  the  low  pressure  cylinder  and  the 
condenser.  It  has  been  argued  pro  and  con  by  a  great 
many  people  at  different  times,  and  it  strikes  me  about 
this  way :  That  in  order  to  carry  a  high  vacuum,  which, 
of  course,  increases  the  economy  of  the  engine,  it  is 
necessary  to  run  the  condenser  pretty  cool,  and  the  over- 
flow from  the  air-pumps  from  which  the  feed  water  is  taken 
would  naturally  be  pretty  cool.  Now,  the  question  is,  to 
sacrifice  a  few  inches  of  the  vacuum  and  reduce  the  econ- 
omy of  the  engine  in  that  respect,  and  to  gain  economy  in 
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the  boiler  by  hotter  feed  water.  I  have  tested  several 
large  compound  engines  in  which  a  heater  has  been  used 
between  the  low  pressure  cylinder  and  the  condenser,  and 
I  have  found  that  by  carrying  a  high  vacuum,  and  cooling 
the  overflow,  say,  down  to  90  or  96,  and  then  interposing 
a  heater  between  the  low  pressure  cylinder  and  condenser, 
the  actual  temperature  of  the  feed  can  be  raised  to  122  or 
125.  Now,  that  gives  the  engine  the  benefit  of  a  little 
more  expansion  or  a  little  more  power  from  the  vacuum, 
and  at  the  same  time  gives  the  same  temperature  of  feed 
that  you  would  have  obtained  if  you  had  sacrificed  a  part 
of  the  vacuum.  So,  under  the  proper  conditions,  judging 
for  myself,  and  of  oourse  every  man  must  judge  for  him- 
self, I  believe  that  a  good  feed  water  heater  between  the 
low  pressure  cylinder  and  the  condenser  is  a  benefit, 
enabling  us  to  carry  a  high  vacuum  and  at  the  same  time 
get  the  heat  into  the  feed  water. 

In  connection  with  that  sort  of  an  arrangement,  the 
exhaust  steam  from  feed  pumps^  and,  in  case  of  an  indepen- 
dent condenser,  the  exhaust  steam  from  ihat,  coald  be 
utilized  in  heating  the  feed  water  also.  IJut  in  heating- 
feed  water  in  that  way,  of  course,  it  would  have  to  be  done 
after  it  had  passed  through  the  exhaust  coil,  because  the 
exhaust  coil  being  so  much  lower  than  what  the  steam  from 
the  feed  i)ump8  would  give,  it  would  rob  the  feed  water, 
instead  of  gaining  anything.  So  that  the  general  idea 
would  be  to  have  an  exhaust  heater  between  the  low  pres- 
sure cylinder  an<l  the  condenser,  use  another  heater  for 
the  exhaust  steam  from  pumps,  etc.,  and  join  the  two 
somewhere  near  the  boiler.  In  that  way  I  think  we  would 
get  the  utmost  economy  in  heating  the  water  from  the 
exhaust  steam  both  from  the  engine  and  the  feed  pumps. 

Of  course,  this  is  a  matter  that  is  subject  to  experi- 
ment, and  gentlemen  here  in  this  Association  who  have 
Water  Works  Engines  under  their  control,  I  think,  would 
do  well  to  look  into  the  matter  and  have  experiments  tried. 
They  could  soon  find,  under  their  own  particular  condi- 
tions, just  what  they  could  do.  If  they  could  not  get 
exactly  what  I  have  cited  here,  it  would  be  simply  because 
the  conditions  would  not  allow  it. 

In  passing  on  to  condensers,  of  course  it  is  generally 
understood  what  condensers  are.  The  steam  in  the  boiler 
is  shown  on  the  gauge  only  above  atmospheric  pressure, 
but  at  the  time  there  is  one  atmosphere  of  steam,  about 
fifteen  pounds  to  the  square  inch  of  actual  steam,  in  that 
boi.er — just  as  much  steam,  but  not  anything  showing  on 
f     the  gauge ;  and  the  production  of  a  vacuum  on  the  exhaust 
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side  of  the  piston  simply  gives  us  the  advaulage  of  that 
steam  which  other  wise  ia  exhaustiug  into  the  atmosphere 
iu  the  case  of  &  high  pressure  engine  we  would  not  get, 
and  the  admission  of  steam  into  the  cylinder  of  any  steam 
engine  and  the  expansion  is  made  on  that  basis.  Before 
the  exhaust  valve  is  open  and  while  the  piston  is  being- 
driven  we  really  have  a  pressure  of  steam  in  the  cylinder 
that  does  not  show  upon  the  gauge  at  all,  and  that  takes 
l)lace  whether  we  have  a  condenser  or  not.  Now,  all  a 
condenser  does,  it  simply  to  remove  a  pressure  equivalent 
to  the  atmosphere,  which  gives  us  the  benefit  of  the  pres- 
sure which  does  not  show  on  the  gauge. 

Applying  Condensers  to  Pumping  Engines. — It  has 
often  been  a  question  in  my  mind,  especially  with  very 
small  machines,  whether  it  pays  to  run  a  condenser  on 
engines  say  irom  a  million  and  a  half  down.  Small  plants, 
of  course,  are  just  as  important  to  those  who  own  them  as 
large  plants  are,  and  to  maintain  a  vacuum  in  an  indepen- 
dent condenser  you  must  run  at  a  pretty  fair  speed  to 
enable  the  air-pump  to  take  out  the  air  and  water.  But 
at  the  same  time,  on  direct  serrice  especially,  your  main 
engines  must  run  pretty  slowly,  and  now  the  question  is, 
will  this  steam  which  is  used  by  the  condenser,  in  connec- 
tion with  the  eugine  running  very  slowly,  present  a  loss 
or  a  gain  ?  I^e  alternative  is  to  shut  off  the  condenser 
and  run  the  main  engine  high  pressmre,  and  exhaust 
through  a  heater  into  the  atmosphere,  and  I  have  seen 
cases  where  I  believe  that  in  shutting  off  the  condenser 
on  those  small  plants  and  exhausting  directly  into  the 
atmosphere,  using  the  exhaust  for  heating  the  feed,  an 
economy  in  the  fire-room  would  be  shown.  There  is  no 
use  in  forming  a  vacuum  for  its  own  sake.  If  it  costs 
more  to  form  and  maintain  the  vacuum  than  it  pays  you 
in  the  saving  of  fuel,  of  course  we  don't  want  it,  any  more 
than  we  would  want  any  other  mistake  in  economy.  But 
in  those  same  plants,  when  it  comes  to  a  fire,  then  of 
course  you  want  the  full  power  of  the  engine,  and  the 
vacuum  could  be  used,  and  used  to  good  effect.  The 
great  trouble  in  cases  of  fire  sometimes  is,  a  boiler  has 
been  running  along  may  be  a  month  very  moderately  ;  a 
fire  alarm  comes ;  you  want  to  s])ur  the  engine  up  to  its 
fullest  extent;  your  fires  are  low  and  jour  steam  is  low, 
audit  takes  some  appreciable  time  before  you  can  liven 
up  your  fire  and  hold  it,  and  in  that  case,  of  course,  the 
vacuum  would  very  materially  assist. 

The  question  of  independent  condensers  and  attached 
air-pumps  also  presents  itself  to   my   mind.     1   think   on 
[lo] 
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engines  of  good  size,  say  from  three  millions  upwards — 
sometimes  two  millions — three  millions  anyway — I  be- 
lieve, under  most  conditions,  the  attached  air-pump  would 
be  the  best,  for  this  reason:  That  the  attached  air-pump 
is  driven  by  the  main  engine,  and  of  course  the  full 
economy  of  the  main  engine  is  utilized  in  the  horse-power 
required  to  drive  this  air-pump.  In  the  case  of  an  inde- 
pendent air-pump,  you  are  driving  it  by  a  high  pressure 
engine,  which  is  very  fur  below  the  main  engine  in  actual 
economy,  and  this  is  another  one  of  those  cases  in  which 
you  cannot  determine  except  by  actual  experiment.  There 
may  be  conditions  that  could  not  be  laid  down.  You 
cannot  lay  down  a  cast-iron  rule  for  working  engines  and 
boilers.  Each  one  must  settle  that  for  himself;  but  on 
general  principles  I  should  say  that  it  would  be  more 
economical  to  run  an  attached  air-pump  on  engines  of 
from  three  millions  upwards. 

Of  course,  there  are  questions  coming  in  about  start- 
ing and  stopping.  It  is  very  nice  to  have  a  high  vacuum. 
With  an  independent  air-pump  >>  ou  can  start  it  up,  pro- 
duce your  vacuum,  and  when  you  start  your  engine  she 
goes  right  off  without  having  to  form  a  vacuum.  But  a 
vacuum  forms  very  quickly  in  a  properly  built  condenser, 
and  in  reservoir  service,  where  you  can  start  off  and  run 
at  full  speed,  I  believe  the  attached  air-pump  would  be 
preferred  on  engines  of  a  good  size. 

Where  attached  air-pumps  are  used,  and  where  we, 
of  course,  would  be  robbed  of  the  beuetit  of  heating  the 
feed  water  from  the  exhaust  in  the  indepeudent  pump,  we 
can  make  use  of  the  drainage  from  the  steam  jackets  and 
the  feed  pump  exhausts,  which  will  carry  the  feed,  if 
properly  applied^  up  to  150  or  175  degrees,  which  is  a 
pretty  good  temperature  for  feed  water.  I  have  seen 
plants  with  attached  air-pumps  where  the  feed  could  be 
carried  up  as  high  as  175.  You  see  the  temperature  from 
the  jackets  is  very  high.  It  is  under  boiler  pressure.  It 
is  away  above  the  ordinary  boiling  point  of  water  at  at- 
mospheric pressure.  So  that,  with  attached  air-pumps  on 
large  engines,  the  jacket  water  caught  automatically  and 
returned  by  a  jacket  pump  directly  to  the  boiler,  together 
with  the  exhaust  from  the  feed  pump,  will  give,  to  my 
mind,  the  best  effects,  enabling  you  to  run  your  hot  well 
cold,  to  carry  a  high  vacuum,  and  at  the  same  time  get 
your  feed  water  up  where  it  ought  to  be. 

Now  the  question  of  surface  condensers.  On  high 
service  plants,  where  water  has  been  already  pumped 
once,  there  is  no  question  in  my  miind  but  what  a  surface 
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condenser  is  the  thing  required.  The  amount  of  water 
required  to  condense  steam  is  from  twenty  to  thirty  times 
the  weight  of  the  steam  itself.  If  you  have  pumped  water 
into  the  reservoir,  and  paid  money  for  fuel  audattesidance 
at  the  main  station,  to  take  that  water  and  use  it  for  con- 
densing steam,  to  pump  to  still  higher  levels,  represents  a 
very  large  wastage.  I  have  figured  up  a  number  of  places 
where  this  wastage,  reckoned  at  tbe  price  at  which  water 
would  be  sold  in  that  particular  plant,  would  pay  the  in- 
terest on  the  entire  high  service  machinery — simply  the 
wastage  of  water  for  use  in  condensation  at  a  certain 
number  of  cents  per  gallon.  The  quantity  run  through  a 
condenser  is  enormous,  and  of  course,  if  it  runs  through 
the  condenser  and  runs  away,  it  is  a  dead  loss.  Now, 
surface  condensers  get  around  this  completely,  by  placing 
a  surface  condenser  in  the  suction  main,  which  would 
simply  be  a  large  chamber  fall  of  tubes  through  which  the 
steam  would  exhaust,  an<l  around  which  the  suction  water 
would  pass,  making  a  very  perfect  condenser,  giving  you 
a  high  vacuum — I  have  seen  it  as  high  as  28,  and  over — 
because,  in  that  case,  the  steam  comes  in  contact  with  very 
much  more  water  than  ordinarily,  because  all  of  the  water 
passes  through  this  surface  condenser,  and  you  would  not 
begin  to  bring  as  much  water  as  that  in  contact  with  steam 
ordinarily.  So  that  you  get  a  very  high  vacuum,  and  then 
by  these  appliances  for  heating  feed  water  you  get  the 
most  beneficial  results  ;  you  pump  jour  high  service  water 
with  the  greatest  economy.  Anybody  that  has  a  chance 
to  try  that  experiment  would  be  very  much  astonished  at 
the  diflferencein  the  cost  of  the  pumpage  between  wasting 
water  already  pumped  once  and  passing  that  water  through 
a  stirface  condenser,  where  it  is  not  wasted  at  all. 

But  in  this  matter  of  surface  condensers  there  is 
some  times — in  fact,  quite  often — trouble  with  the  boilers. 
You  will  see  at  once  that  in  using  a  surface  condenser  the 
cylinder  oil,  which  is  carried  by  the  steam,  is  very  apt  to 
be  picked  up  and  carried  back  into  the  boiler  again  by  the 
feed  pump.  The  course  of  the  surface  condenser  is  a 
cycle,  and  except  for  leakage  there  would  be  no  replenish- 
ing of  water  required.  But  there  are  unavoidable  leak- 
ages— a  very  small  percentage  of  leakage,  so  that  very 
little  outside  or  new  water  goes  into  the  boilers.  ]S'ow, 
this  is  the  purest  of  water,  and  with  hard  water,  where 
limestone  water  is  used,  a  surface  condenser  will  pay  for 
itself  in  the  saving  of  the  boilers.  But  as  to  this  matter 
of  cylinder  oil,  it  seems  to  cake  over  the  fire  on  the  sheets, 
and  has  produced  bagging  of  the  sheets   repeatedlj'.     I 
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have  seen  numbers  of  cases  where  it  has  produced  that 
effect.  It  is  very  easily  avoided,  and  is  avoided  at  sea, 
by  simply  straining  the  water,  a  very  simple  device  by 
which  the  feed  water  is  strained  and  the  oil  kept  back,  the 
pure  distilled  water  going  to  the  boilers.  It  is  very  prac- 
tical. It  simply  wants  a  little  attention,  may  be  once  a 
month.  Perhaps  it  will  ruu  more  than  a  month,  but  ii 
requires  very  little  attention.  Under  these  conditions, 
with  a  surface  condenser  and  feed  water  strainer,  your 
boilers  will  have  distilled  water,  and  you  will  run  with  the 
utmost  economy. 

My  last  note  is  something  about  the  attention  that 
machinery  ought  to  have.  Some  times  it  looks  expensive, 
but  competent  engineers  and  a  high  class  of  machinery 
are  really  conducive  to  the  most  economy.  I  know  the 
outlay  looks  large  at  first,  but  when  you  come  to  reckon 
it  up  on  a  ten  years'  run,  if  you  look  at  it  in  the  light  of  an 
investment,  you  cannot  fail  to  see  that  the  plant  with 
which  you  can  pump  water  with  the  least  fuss,  the  least 
trouble  and  the  least  stoppage,  is  certainly  to  be  desired, 
and  although  there  are  lots  of  things  that  we  want  to  buy 
sometimes  that  we  don't  have  the  money  to  buy,  it  is 
worth  straining  a  little  point  to  get  these  effects  in  things 
as  important  as  water  works  plants. 

The  question  of  high  and  low  duty  is  a  vexed  one 
sometimes.  Sometimes  the  low  duty  engine  will  pay  the 
best,  where  fuel  is  the  cheapest ;  but  where  the  expense 
of  fuel  goes  up  to  any  great  extent,  the  benefits  of  expan- 
sion ought  to  be  had  for  the  best  results  in  the  end,  and, 
as  I  said  before,  a  high  class  engine  in  good  hands,  although 
it  makes  an  investment  looking  large  at  first,  is  really  the 
most  economical  and  the  most  desirable. 

That  is  about  all  I  have  made  notes  of,  and  I  thank 
you  for  your  attention,  gentlemen. 

Mr.  Decker  : — Mr.  President,  I  would  like  to  ask 
Mr.  Hague  a  question.  Do  I  understand  Mr.  Hague  that 
he  wtuld  not  recommend  a  condensing  apparatus  on  an 
engine  of  a  million  gallons  capacity  ?  Say  an  engine 
of  a  million  gallons  pumping  to  a  reservoir  with  a  dynamic 
pressure  of  from  60  to  75  pounds,  running  at  a  speed  of 
90  to  100  feet,  and  with  a  steam  pressure  of  75  to  85 
pounds — a  compound  engine.  Would  it  be  economy  to 
use  an  independent  condenser  on  that  engine  ? 

Mr.  Hague  : — In  reservoir  service,  certainly ;  but 
my  remarks  pertained  to  direct  service  where  you  run 
your  engine  as  the  water  is  demanded,  which,  as  most  of 
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you  know,  is  sometimes  at  a  very  slow  speed.  But  for 
for  reservoir  service,  where  you  can  run  at  full  speed  and 
pump  a  certain  amount  of  water  and  then  stop,  a  con- 
denser certainly  is  to  be  preferred. 

Mr.  Deckee: — Another  question.  Suppose  you  are 
pumping  a  lime  and  alkali  water,  which  produces  a  heavy 
and  rapid  scaling  of  boilers,  would  it  not  be  more  eco- 
nomical to  use  a  surface  condenser  ?  Would  not  the 
advantages  gained  by  the  purification  of  that  water  in  the 
condensation  of  steam  overcome  the  loss  in  heat  to  your 
feed  water,  do  you  think  ?  Would  it  be  economy  to  trade 
off  the  heat  imparted  to  your  feed  water  by  exhausting 
through  a  heater  for  the  vacuum  gained  by  condensation  ? 

Mr.  Hague  : — Well,  I  would  not  trade  off".  I  would 
use  the  surface  condenser  and  heat  the  water  as  well  by 
tlie  exhaust  from  the  feed  pump.  You  see,  in  almost  all 
these  plants  there  is  a  steam  feed  pump.  Indeed,  an  in- 
dependent feed  pump  is  the  best  practical  thing  to  use, 
any  way,  and  there  is  a  great  deal  of  heat  comes  from  an 
ordinary,  direct-acting  feed  pump,  and  with  an  engine  of 
high  economy  the  direct-acting  feed  pump  would  heat  the 
water  up  to  a  good  point,  so  that,  as  I  said  a  little  while 
ago,  you  can  get  the  benefit  of  a  surface  condenser,  of  a 
high  vacuum,  and  at  the  same  time  heat  your  feed  water. 
When  it  comes  to  the  question  of  sacrificing  the  tempera- 
ture of  the  feed  water  to  get  a  vacuum,  I  would  hesitate 
very  long.  At  sea  they  very  often  cut  the  vacuum  down 
to  23  inches  for  the  purpose  of  keeping  up  the  feed  water, 
and  the  ship  makes  the  best  headway.  Where  you  can 
retain  the  heat  of  the  feed  water,  I  would  say  get  the 
highest  vacuum  you  can. 

Mr.  Richards: — How  is  the  strainer  made  that 
keeps  back  the  oil  ? 

Mr.  Hague  : — It  is  a  very  simple  vessel.  Sometimes 
they  use  coke,  sometimes  straw — just  a  very  plain,  ordin- 
ary thing.  Almost  any  man,  with  a  little  study,  can  make 
such  a  thing.  There  is  a  regular  article  made  for  that 
purpose.  But  it  is  a  very  simple  arrangement  to  strain 
the  water. 

Mr.  Dunham  : — Mr.  President,  we  like  sometimes  to 
do  things  in  a  quiet  way,  and  where  steam  is  thrown  into 
the  atmosphere  through  a  free  exhaust  it  is  frequently 
noisy,  and  it  is  always  more  or  less  attracting  observation. 
Now,  the  condenser  enables   us   to  avoid  that.     I  would 
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like  to  ask  Mr.  Hague  if  there  is  any  simple,  easy  way  of 
taking  care  of  tlie  steam  without  a  condenser,  so  that  it 
would  not  be  objectionable. 

Mr.  Hague: — To  stop  the  noise?  No,  I  don't  think 
there  is  any  way  of  doing:  it.  I  don't  know  of  any  way 
except  by  a  condenser  to  smother  the  exhaust  steam.  If 
it  is  a  nuisance,  of  course  that  may  be  worth  while. 

Mr.  Gerecke  : — Mr,  President,  a  word  as  to  the  oil 
being  taken  out  of  the  surface  condenser.  This  is  already 
provided  for  by  a  new  apparatus  through  which  the  exhaust 
steam  goes  before  it  reaches  the  surface  condenser,  I  have 
forgotten  the  name  of  this  apparatus.  It  is  used  on  many 
steamboats,  especially  on  Atlantic  steamers.  Every  bit  of 
oil  is  taken  out  of  the  exhaust  steam  before  it  reaches  the 
surface  condenser,  and  in  that  way  all  danger  of  getting 
oil  back  into  the  boiler  is  entirely  done  away  with.  It  is 
highly  recommended  as  being  perfectly  successful. 

Then  there  is  another  point  about  getting  rid  of  the 
exhaust  steam.  There  are  injectors  by  which  they  are 
using  the  exhaust  steam  for  injecting  water  into  the  boiler. 
The  injectors  are  made  in  such  a  way  you  need  not  use 
any  high  pressure  steam  or  steam  direct  from  the  boiler ; 
you  use  exhaust  steam  from  a  high  pressure  engine  and 
inject  the  water  into  the  boiler  with  the  exhaust  steam. 
That  does  away  with  all  noise  and  all  trouble  from  the 
exhaust  steam  after  it  has  left  the  engine. 

Mr.  Dunham  : — I  would  like  to  know  if  that  can  be 
used  with  a  compound  engine "? 

Mr.  Gerecke  : — I  could  not  tell.  Where  I  saw  it 
it  was  on  a  high  pressure  engine.  In  the  eastern  states 
they  are  using  it  quite  often  now. 

Mr.  Dunham: — Would  that  be  used  continuously, 
or  only  at  intervals  f 

Mr.  Gerecke  : — They  use  it  right  along  for  feeding 
the  boilers. 

Mr.  Hague  : — I  am  familiar  with  what  Mr.  Gerecke 
speaks  of— the  exhaust  injector.  It  does  work  well,  but 
as  he  says,  it  is  mostly  with  high  pressure,  where  the 
terminal  pressure  is  a  little  above  the  atmosphere  or  about 
to  the  atmosphere.  But  with  compound  engines,  where 
the  expansion  goes  pretty  well  below  the  atmosphere,  I 
think  it  would  be  a  little  doubtful.     I  never  saw  it  under 
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these  conditions.  As  to  straining  the  oil  from  the  ex- 
haust, of  course  that  would  produce  the  same  effect,  and 
is  used  quite  extensively. 

Mr.  Denman  : — Mr.  Chairman,  I  am  made  the  vehicle 
of  a  pleasant  duty ;  to  present  in  this  public  manner  to  the 
Association  the  following  resolution  passed  at  a  meeting 
of  the  ladies  held  this  morning  : 

"We,  the  ladies  and  guests  of  the  American  Water  Works 
Association,  hereby  express  our  pleasure  in  a  vote  of  thanks  to 
C.  E.  Burke,  Esq.,  for  the  courtesy  extended  to  us  in  showing 
the  sights,  manufacturing  interests,  etc.,  of  Cleveland. 

(Signed.) 

Miss  Minnie  RviiE 
Mrs.  Richard  Holme,  Jr. 
Mrs.  a.  X.  Denman, 
Mrs.  B.  F.  Stephens, 
Mrs.  Wm.  Ryle, 
Mrs.  Alida  Lattimore, 
Mrs.  a.  W.  Morgan, 
Mrs.  Reuben  Getz, 
Mrs   Chas.  Hermany, 
Mrs.  B.  R.  Morton. 

On  motion  of  Mr.  Diven,  the  foregoing  resolution 
was  ordered  spread  upon  the  minutes. 

The  following  paper  on  "  Recent  Filtration  Practice 
in  India,"  prepared  by  Mr.  S.  Tomlinson,  of  Bombay,  India, 
was  read  by  the  Secretary : 


RECENT  FILTRATION  PRACTICE. 

BY    S.    TOMIilNSON,    C.   E.  * 

To  the  President  and  Members  of  the  American    Water   Works 
Association  : 

Gentlemen — ^I  do  not  propose  to  go  beyond  the  title  nor 
iudee'l  to  undertake  a  description  of  all  recent  filtration  practice, 
but  it  will  be  desirable  to  consider  the  object- aimed  at  in  filtering 
water  and  the  circumstances  which  make  a  filter  best  able  to  do 
its  work,  in  order  to  make  use  of  the  descriptions  to  be  given  for 
our  own  guidance  aid  to  enable  us  to  design  the  filters  best 
adapted  to  our  own  particular  case. 

The  object  in  filtering  any  water  is  to  remove  from  it  some 
objectionable  matter.  The  objectionable  matters  difl^er  very 
much  in  character  and  hence  arise  the  wide  differences  in  the 
results  obtained  by  filtering  water.  (The  proceedings  of  the 
Association  for  1883,  pp.  18-31  and  pp.  49—52,  clearly  show  this.) 
The  matter  to  be  removed  may  be  inorganic,  composed  of  the 
minutely  divided  minerals  previously  eroded  from  the  ground 
over  which  the  stream  has    passed  ;    I  say,  stream,  because  this 
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kind  of  difficulty  will  uot  occur  in  well  water,  n©r  will  it  gene- 
rally be  fouud  an  accompaniment  of  water  received  from  a  well- 
selected  watershed  of  a  gravitation  supply.  The  most  numerous 
cases  of  this  will  be  found  in  supplies  taken  from  a  large  stream, 
generally  by  pumping  The  Mississippi  and  Missouri  waters 
appear  to  be  of  this  character,  (see  1883  proceedings,  p.  50,) ;  the 
River  Platte  at  Buenos  Ayres  is  another  example.  (See  procdgs. 
Inst.  C.  £ng.,  London,  Vol.  LVIE.,  p  272. — Higgins  on  "Exp«ri- 
meuts  in  Filtration.")  The  r.'Uiovul  oi  this  material  is  alwjvys 
louud  to  be  difficult.  It  would  seem  that  this  arises  from  the 
difficulty  of  laj'ing  down  a  filtering  material  which  sliall  possess 
two  qualities  :  (1.)  A  permeability  sufficient  to  allow  water  to 
pass  through  at  a  practical  rate  at  the  same  time  that  (2.)  the 
particles  forming  the  filter  shall  have  such  fine  points  and 
angles  as  will  intercept  the  remarkably  Rne  particles  which  dis- 
color the  water.  (I  have  had  no  experience  on  a  large  scale  with 
this  class  of  water  and  therefore  do  not  attempt  to  prescribe  for 
it.)  lu  clarifying  a  water  rendered  very  turbid  from  washing 
dirty  sand,  subsidence  combined  with  i)recipitation  by  alum  or 
vitriol,  was  found  eflfective. 

The  use  of  precipitauts  applied  to  a  drinking  water  supply 
has  many  objections  and  should  be  very  earefully  applied  in 
practice.  Other  waters  are  deteriorated  by  vegetable  matter, 
either  as  peat  stain  or  by  the  growth  of  some  low  form  of  plant 
life.  The  latter  appear8  to  be  a  common  case  in  America 
(p.  27,  1883  procdgs.)  I  have  noticed  it  in  England  also  in  certain 
months,  and  in  the  Nehar  Lake  of  the  Bombay  works  it  is  always 
present,  but  least  in  the  eool  season.  It  appears  that  its  growth 
depends  upon  the  temperature  of  the  water,  in  England  it 
appears  and  disappears  with  remarkable  quickness  with  the 
rise  and  fall  of  the  temperature  in  the  summer  season. 

Waters  deteriorated  in  these  ways  advertise  themselves, 
as  it  were,  so  that  everybody  can  see  their  faults.  There  re- 
mains to  be  named,  deterio  ation  caused  by  animal  life,  which 
has  given  rise  to  bacteriology,  a  science  in  its  infancy,  but  which 
promises  to  grow  into  a  robust  manhood.  It  seems  too  early  yet 
to  form  any  judgment  likely  to  be  final  upon  microbes  in  water. 
(see  Proc.  Inst.  C.  E.  Loudon,  Vol.  85,  Frankland — Puriflcation 
of  water  and  discussion  thereon.) 

The  points  which  seem  clear  are: 

(1)  Every  water  as  found. in  nature  contains  germs,  but 
the  numbers  vary  greatly. 

(2)  That  there  are  distinct  varieties  of  these. 

(3)  That  because  of  the  continued  healthy  condition  of 
people  drinking  water  found  to  contain  microbes  in  abundance, 
all  microbes  are  not  necessarily'  harmful  to  life  or  to  health. 

(4)  That  there  are,  however,  true  pathogenic  or  disease 
producing  microbes. 

We  shall  have  to  await  the  results  of  further  research 
before  we  can  with  any  certainty  whether  : 

(a).  A  true  and  desirable  object  of  filtration  is  to  remove 
all  these. 

(b).  And  if  so,  what  material  and  method  is  the  best  con- 
sidered as  a  practical  <xuestioa  for  a  Water  Supply  Engineer 
dealing  with  large  quantities  of  water. 


(c).  Whether  filtration  by  auy  method  will  absolutely 
remove  the  dangers  due  to  the  presence  of  pathosreaic  germs. 

Very  imnortant  results  depend  upon  the  development  of 
the  truth  with  regard  to  microbe  life  in  water.  Until  this  de- 
velopment is  completed  it  is  satisfactory  to  find  that  filtration 
through  sand,  as  usually  practiced,  is  by  no  means  an  ineffect- 
ual method  of  removing  these  low  forms  of  animal  life  from 
water. 

These  beiflg  the  typical  causes  by  which  water  is  deterio- 
rated, there  remains  for  determination  the  best  way  to  remove 
them.  Several  mechanical  systems  are  at  work,  as  to  which  I 
propose  to  say  nothing,  because  I  have  had  no  nractical  experi- 
ence of  them.  On  the  general  question,  however,  I  should  say, 
that  in  all  water  works  fittings  and  designs,  simplicity  is  of  the 
highe-st  importance.  Coming  then  to  the  generally  iised  sand 
filters,  there  can  be  no  doubt  that  their  effective  action  depends 
principally  upon  : 

(1)  The  maintenanee  of  a  regular  and  unbroken  depth  of 
sand. 

(3)    The  slow  passage  of  the  water  through  the  sand. 

The  first  essential  is  liable  to  be  vitiated  in  practice  by  (a) 
want  of  provision  for  escape  of  air,  (b)  the  too  forcible  fiow  of 
water  from  the  inlet  upon  the  band. 

As  to  (a)  it  frequently  happens  tha*  water  is  first  admit- 
ted on  the  top  of  tne  filter  and  finds  its  way  through  the  sand 
t©  the  outlet*  In  so  passing  down  it  must  displace  the  air,  and 
this  can  be  seen  in  some  cases  bursting  its  way  through  the  sand 
and  bubbling  through  the  water.  These  "  air  eruptions"  make 
small  craters  through  which  the  water  afterwards  runs,  not 
filters,  and  so  the  water,  instead  of  passing  ihrough  all  parts  of 
the  filter  evenly,  and  requiring  some  head  ol  water  to  force  its 
way  through,  obtains  an  easier  passage  at  a  few  places.  The 
same  evil  is  caused  by  (b)  a  deficient  method  for  the  inflow  of 
water,  which  displaces  the  sand  and  forms  an  easy  passage  to 
the  outlet.  My  experience  is  that  too  much  care  cannot  be  given 
to  these  two  points. 

The  rate  of  filtration  too  is  admitedly  a  matter  of  first 
importance.  The  rates  given  by  Mr.  Croes  for  American  Filters 
are  far  in  excess  of  European  practicef.  Financial  considerations 
frequently  come  in  the  way,  but  it  seems  that  the  best  rate  for 
first-class  work  is  from  4  inches  to  6  ins.  per  hour,  or  50  gallons 
to  75  gallons  per  square  foot  of  filtering  area  per  day  of  24  hours. 
The  rate  of  filtration  and  the  head  required  will  v;i,ry  according 
to  the  condition  of  the  water  and  the  filter  surface  and  to  the 
character  of  the  sand  used,  and  the  best  practice  in  a;:.y  case  will 
be  determined  after  experience  only. 

Generally  I  believe  it  will  be  found  better  to  clean  the  sur- 
face of  the  sand  rather  than  to  increase  the  head  required,  to 

•This  is  assuming  that  upward  filtration  isnotprac  iced.  Experience  seems 
to  have  abolished  it  from  English  and  even  Scotch  practice,  where  it  found  its 
birth,  but  not  yet  from  America,  according  to  Mr.  Croes'  paper,  l^'SS.  A  filter 
cannot  be  eil'ectually  cleansed  by  reversing'the  flow  of  water  The  best  means 
and  cheapest  is  no  doubt  to  strip  the  filter  of  the  very  thin  upper  layer,  which 
first  receives  the  water  in  downward  filtration,  and  which  in  found  to  detach 
from  it  the  greatur  part  oi  the  impurities. 

tLiverpool,  4  ins.  ;  Leicester,  6  ins.;  Berlin,  4.7  ins.;  Stockton  and  Mid- 
dleboro  Gins. ;  Bradford,  4. 
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force  through  the  normal  quantity  of  water  to  above  12  inches. 
The  head  is  the  difference  of  level  of  the  water  over  the  sand 
before  filtering  and  iu  the  filtered  water  channel.  This  head 
can  be  regulated  either  on  the  outlet  or  inlet  side,  and  should 
be  provided  for  in  all  works,  either  in  one  way  or  the  other, 
preferably  I  think,  on  the  outlet  side. 

The  sand  to  be  used  will  be  regulated  by  local  circum- 
stances. The  one  great  essential  is  that  it  should  be  perfectly 
clean.  If  any  clayey  or  decomposable  matter  be  admixed  the 
filter  will  become  clogged.  Fortunately  a  suitable  sand  can 
generally  be  found  within  easy  reach  of  filtration  works,  or  the 
filtration  works  can  sometimes  be  put  where  the  sand  is.  The 
latter  was  the  case  at  Bradford,  where  the  sand  was  obtained 
by  crushing  soft  sandstone  and  afterwards  washing  it. 

The  town  of  Bradford,  England,  is  supplied  with  wafer 
under  the  control  of  the  Corporation.  For  its  ,trade  purposes — 
e.  y.,  wool  washing  and  dyeing — water  of  great  softness  and 
purity  is  essential.  The  former  quality  is  well  (satisfied  by  the 
water  flowing  from  the  moors,  about  17  miles  from  the  town, 
which  are  underlaid  by  the  Millstone  Grit  Formation,  but  the 
water  is  almost  always  peat-stained.  It  was  to  remove  this  peat- 
stain  from  the  water  collected  in  the  storage  reservoirs,  and  also 
the  vegetable  and  mineral  matters  held  in  suspension  by  the 
water  taken  inio  the  conduit  from  the  streams  met  with  between 
the  storage  reservoir  and  the  town,  that  the  Corporation  decided 
to  construct  filters  at  Gilstead,  about  5  miles  from  the  town. 
The  site  was  selected  and  the  designs  prepared  by  Alex.  R. 
Binnie,  Esq.,  M.  Inst.  C.  E.,  F  G.  S.,"the  Water  Engineer  of  the 
Corporation.  The  works  were  commenced,  departmentally.  in 
April,  1884,  and  have  just  been  completed.  It  is  outside  the 
scope  of-  this  paper  to  deal  iu  detail  with  ibe  engineering  portion 
of  the  undertaking.  It  will  be  sufficient  to  note  tliat  the  quan- 
tity of  water  to  be  dealt  with  is  about  6,000,000  gallons  per  day. 
The  first  question  to  determine  was  the  rate  of  filtration,  and  the 
rate  adopied  was  after  careful  consideration  fixed  at  4  inches  per 
hour,  and  to  provide  for  possible  extensions  the  quantity  was 
taken  as  being  8,000,000  gallons  per  day.  At  the  rate  determined 
the  quantity  per  square  foot  per  day  is  50  gallons.  To  filter 
8,000,000  gallons  there  is  therefore  an  area  of  160,000  square  feet 
required.  But,  besides  this,  provision  is  to  be  made  for  one  filter 
being  out  of  use.  The  question  has  then  to  be  determined  as  to 
what  number  of  filters  will  be  the  most  economical  to  construct 
and  to  operate.  It  is  evident  that  if  one  basin  be  provided  capa- 
ble of  filtering  the  whole  quantity,  the  total  filtering  area  will 
be  twice  the  effective  area.  On  the  other  hand  to  subdivide  into 
a  large  number  of  basins  materially  increases  the  cost  of  the 
inlet  and  outlet  works  and  masonry  in  proportion  to  the  sand 
area  jjrovided  The  configuration  of  the  ground  has  frequently 
to  be  considered  as  a  modifying  factor.  Mr.  Binnie  fixed  the 
number  at  six  filters  of  33,000  square  feet  area  each.  Five  being 
rectangular,  300  ft.  by  110  feet,  and  the  sixth  an  irregular  figure 
to  suit  the  site  ;  total  area  198,000  square  feet.  Five  filters  are 
thus  able  to  do  the  work,  leaving  one  for  cleaning  and  feration 
when  8,000,000  gallons  per  day  are  being  filtered  and  two  when 
6,000,000  galiohs  are  being  filtered. 

The  three  things  common  to  all  filtration  works  are : 
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1.  The  Inlet  Works. 

2.  The  Outlet  Works. 

3.  The  Filter. 

1.  The  Inlet  Works. — In  this  case  the  general  distributing 
canal  is  of  masonry,  5  ft.  by  5  ft.,  and  to  each  filter  a  24  in.  pipe 
is  taken,  regulated  by  a  sluice  in  the  canal.  The  water  then 
flows  into  a  cast  iron  trough  running  along  the  end  of  the  filter. 
The  lii>  of  the  overflow  is  planed,  as  are  also  the  flanges  joining 
the  separate  10  feet  lengths.  The  whole  length,  100  feet,  thus 
forms  a  level  weir,  over  which  the  water  to  be  filtered  falls  in  a 
very  thin  sheet,  possessing  little  power  to  disturb  the  sand.  The 
flow  to  the  sand  is  further  broken  by  a  water  cushion  formed  by 
an  iron  lip  on  the  concrete  step  ;  the  concrete  step  being  at  the 
level  of  the  sand.  This  water  cushion  is  only  needed  at  the 
time  of  charging,  but  it  is  precisely  at  this  time  that  the  sand  is 
disturbed  and  the  filter  permanently  damaged  unless  proper  pre- 
cautions are  taken  to  prevent  it.  In  this  way  the  water  is  ad- 
mitted with  the  least  possible  power  to  disturb  the  sand,  or  to 
forni  open  passages  through  it  to  the  drains  beneath. 

^.  The  Outlet  Works. — The  collecting  main  for  the  filtered 
water  is  of  cast  iron  pipes  30  inches  in  diameter,  wit*»  24  inch 
branches  to  each  filter,  regulated  by  sluices.  A  clear  water 
basin  is  provided  at  the  commencement  of  the  main  to  the  town, 
holding  about  500,000  gallons.  There  are  also  alternate  arrange- 
ments for  supplying  the  town,  either  independently  of  the  filters 
or  when  filtered,  without  the  intervention  of  the  clear  water  basin. 
The  outlet  of  eaeh  filter  is  formed  by  a  double  well.  A  rectan- 
gular well  contains  the  24  inch  sluice  coinminieating  with  the 
30  inch  collecting  main,  and  also  two  12  incii  sluices,  one  gov- 
erning the  efflueut  pipe  from  the  sand  wasiiing  tank,  referred  to 
later,  and  one  governing  the  cleansing  pipe  of  the  filter,  by 
means  of  which  the  water  in  the  filter  can  be  drawn  ofl",  either 
partially  or  entirely,  without  the  aid  of  the  30  inch  outlet  main, 
which  may  be  under  pressure  passing  water  from  the  other  fil- 
ters. The  rectangular  valve  well  is  separated  by  its  wall  from 
a  semi-circular  well,  into  which  the  main  collecting  drain  from 
the  base  of  the  filter  enters.  The  water  in  this  well  has  no  com- 
munication with  the  water  in  the  filter  except  through  this 
drain,  and  hence  must  be  filtered  before  reaching  it.  At  the 
bottom  of  this  semi-circular  well  the  12  inch  cleansing  and  24 
inch  outlet  mains  begin. 

It  will  thus  be  seen  that  the  sluices  governing  the  inlet  to 
and  outlet  from  the  filter  provide  ample  means  for  increasing  or 
decreasing  the  head  under  which  the  filter  is  working. 

3.  The  Filter. — The  filter  itself  is  built  upon  the  concrete 
floor,  forming  the  bottom  of  the  basin.  Tiiis  floor  rises,  from  the 
outlet  well  just  described,  1  ft.  6  in.  in  tbe  length  of  the  filter, 
and  from  center  to  sides  it  also  rises  1  ft.  (i  in.  Alon^  the  center 
line  the  main  collecting  drain  18  in.  square  of  dry  rubble  is  laid.* 
From  this  b-anches  go  oflT  at  every  four  teet  alternately  to 
right  and  left.     That  is,  the  smaller  drains  are  at  every  8  feet. 


♦It  should  be  noted  that  the  site  provided    all  the  materials  for  the  cou- 
str action  of  the  filter,  except  Portland  Cement,  Lia's  Lime  and  Iron. 
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these  small  drains  travel  to  the  side  of  the  filter,  about  45  feet, 
and  there  is  there  inserted  into  each  of  them  a  3  in.  air  pipe, 
the  lower  part  perforated.  These  air  pipes  are  carried  to  above 
the  water  level  in  the  heart  of  the  wall,  so  as  not  to  for?n  un- 
sightly objects  in  front  of  it.  Nothing  of  them  is  seen  except 
the  perforated  cap,  and  this  is  flush  with  the  masonry  rvall  of  the 
filter.  These  pipes  are  only  J  in.  thick,  and  each  set  weighed  56 
lbs.  Means  ar«  thereby  provided  for  the  free  escape  of  any  air 
which  may  be  confined  beneath  the  sand.  The  spaces  between 
the  small  side  drains  which  are  6 in  square,  are  filled  with  hand 
packed  rubble  placed  longitudinally  with  the  drains.  The  lower 
portion  of  the  basin  is  filled  with  rubble  about  12  in.  deep,  the 
upper  surface  being  horizont:il.  Above  these  are  ranged  6  in. 
layers  of  gravel  of  gradually  decreasing  size  until  the  sand  is 
reached.  The  lower  layers  were  obtained  by  hand  breaking,  the 
sand  and  three  sizes  of  gravel  were  from  the  stone  breakers  and 
sand  crushing  mAchiues,  which  were  provided  with  suitable 
revolving  screens. 

The  typical  section  of  the  filter  is  therefore  :  Sand,  3  feet, 
6  in.;  1st,  gravel,  6  m.;  2d,  gravel,  6  in.;  3d,  gravel,  6  in.  Rubble 
as  required.  • 

The  whole  of  the  sand  was  carefully  washed  before  being 
put  in  phtce.  The  basin  provides  for  an  ordinary  depth  of  water 
of  3  feet  (1  inches  over  the  sand,  but  the  overflow  *  is  3  feet  higher, 
to  allow  of  storage  of  additional  water  in  time  of  flood.  The 
coping  is  2  feet  above  flood  level. 

The  Filters  have  just  commenced  work  and  it  is  reported 
thai  they  have  very  materially  improved  the  appearance  of  the 
water. 

There  remains  only  for  notice  the  arrangements  for  wash- 
ing the  sand  which  will  be  removed  from  the  surface  at  the 
periodical  cleansings.  A  separate  8  inch  pipe  is  provided  from 
the  Distributing  Canal  to  the  centre  of  each  of  the  filters  where 
a  sand  washing  tank  is  placed,  having  itrs  lip  just  above  the 
level  of  the  sand.  The  tank  is  rectangular,  10  feet  by  6  feet,  and 
about  2  feet  deep.  The  floor  is  formed  of,  (1),  perforated  cast 
iron  plates, on  which  sand  is  placed  :  (2),  fine  copper  wire  gauze; 
(3),  perforated  elm  planking,  under  the  planking  is  a  water  space. 

This  tank  is  fed  from  beneath  and  the  water  passing  up 
through  the  dirty  sand  carries  away  the  dirt,  and  leaves  the 
clean  heavy  sand  on  the  floor  of  the  tank.  During  the  washing, 
the  sand  is  agitated  by  rakes  of  a  suitable  kind.  The  labor 
involved  in  removing  and  replacing  the  sand  when  the  washing 
apparatus  is  placed  in  the  filter  is  much  less  than  when  it  has  to 
be  r--moved  from  the  bed  to  some  other  place.  The  time  required 
to  wash  the  sand,  depends,  of  course,  on  the  quality  of  the  sand 
and  the  quantity  of  dirt  in  it. 

An  arrangement  is  provided  by  which  the  dirty  water, 
after  leaving  the  sand  washers,  is  filtered  and  pumped  back 
again.  This  will  save  a  considerable  quantity  of  water  and 
prevent  the  fouling  of  the  stream  below.  The  pump  provided 
is  a  6  H.  1'.  Davey  Motor,  with  3  Throw  Pumps  and  2  Hopper 
Boilers,  manufactured  by   Messrs.    Hathorn.    D^vey    &  Co.,   of 


*There  is  only  one  overflow,  and  this  is  in  the  octagonal  dlstribating  well 
where  the  water  is  received  from  the  conduit  and  passed  either  to  tlie  distriuution 
Cftnal  for  filtering  or  direct  to  the  town. 
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Leeds.  The  total  cost  of  working  this  for  12  hours  is  about  Is, 
6d.  It  is  calculated  to  pump  200,000  gallons  in  9  hours,  30  feet 
high. 

The  Malabar  Hill  Reservoir  of  the  Bombay  Works  was 
originally  designed  by  the  Executive  engineer,  Rienzi  G.  Walton, 
Esq.,  M.  Inst:  C.  E  F.  G.  tS.,  as  an  open  service  basin  for  the 
Tulsi  Lake  Supply.  Subsequently,  however,  il  has  been  con- 
verted into  a  covered  basin  and  divided  so  as  to  provide  a  set- 
tling basin,  filters  and  distributing  basin  for  filtered  water. 
The  provision  of  convenient  and  suitable  inlet  and  outlet  ar- 
rangements, so  as  to  secure  the  conditions  laid  down  in  the 
preliminary  portion  of  the  paper,  is  not  an  easy  matter  under 
these  circumstances. 

The  quantity  of  water  passing  through  is  about  five 
million  gallons  per  day.  The  filters  are  4  in  number  and  the 
areas  are  12,454,  13,158.  13,974,  and  9,504  square  feet  respectively. 
The  three  largest  when  available  give  au  active  area  of  39,576 
square  feet.  To  filter  the  whole  supply  through  this  gives  a  rate 
of  10  inches  per  hour  or  126  gallons  per  square  foot  per  day. 

1.  Inlet  Arrangements. — From  the  Sfttling  basin  a  dis- 
tributing canal  goes  off,  and  fiom  it  the  water  is  admitted  to  the 
filter  under  an  iron  penstock  working  in  grooves.  The  width  of 
the  opening  is  4  feet,  and  the  depth  when  fully  open,  2  feet. 
The  bottom  of  the  opening  is  1  foot  4  inches  over  the  top  of  the 
sand.  The  water  being  under  a  head  of  2  feet  when  the  settling 
basin  is  full,  and  falling  \io  ins.  on  the  sand,  displaces  it  very 
nmch.  This  will  shortly  be  remedied.  The  water  can  also  be  sent 
direct  to  the  filters  without  the  intervention  of  the  settling  basin. 

2.  Outlet  Arrangements. — The  water  passes  from  the  col- 
lecting drains  of  each  filter  through  openings  in  the  floor  of  the 
filter,  regulated  by  sluice  valves,  and  can  be  passed  either  into 
a  small  reservoir  below  the  filters  when  the  distributing  basin 
is  not  at  work  or  direct  into  the  di5.tributing  basin. 

8.  The  Filter. — The  collecting  drains  are  of  brick  laid  In 
the  haunches  of  the  masonry  arclies.  The  remainder  of  the 
haunch  and  a  depth  of  18  Ins.  over  the  arches  is  filled  with 
gravel.  This  is  overlaid  by  9  inches  of  Shells  and  on  these  sand 
2  feet  in  depth  is  placed. 

The  despositof  the  Tulsi  water  is  partly  vegetable  growth 
and  partly  a  finely  divided  red  earth,  derived  from  the  lake  bed, 
the  water  when  the  lake  is  low  having  a  deep  red  tinge.  Filtra- 
tion, even  at  a  rate  of  10  ins.  per  hour,  greatly  improves  the 
water,  and  if  the  rate  could  be  lowered  would  still  further  im- 
prove it 

The  whole  of  the  works  are  now  covered.  It  should  be 
noted  that  this  was  not  primarily  done  from  au  Engineers'  point 
of  view,  but  to  satisfy  the  popular  opinion  that  if  the  works  were 
left  uncovered,  bones,  etc.,  would  be  dropped  therein  by  birds 
on  their  way  from  the  Parsee  Towers  of  Silence  *  which  adjoin 


•The  Parsees,  who  form  a  prominent  and  nnmerons  part  of  Bombay 
society,  deposit  the  bodies  of  their  deceased  friends  within  a  tower  VnltnreB 
are  always  in  readiness  to  remove  the  fleshy  parts.  At  night  the  vultures  leave 
the  towers. 
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the  Reservoir.  The  effect  of  roofing  the  Filters  has,  however, 
very  much  reduced  the  growth  of  vegetable  life,  which  occurred 
when  ther  were  open. 

The  dirty  sand  is  removed  from  the  bed  and  washed  in 
tanks  placed  just  outside  the  filters  and  at  a  lower  level,  so  as  to 
obtain  a  pressure  of  water  sufficient  to  effect  the  cleansing.  The 
dirty  water  is  passed  off  and  finds  its  way  into  the  sea  which 
washes  the  foot  of  the  hill. 

The  Bhandarwada  Works  were  designed  by  C.  B.  Braham, 
Esq.,  M.  Inst.  C.  E..  late  Deputy  Executive  Engineer,  to  supply 
a  storage  basin,  filters  and  distributing  basin  for  the  water 
brought  from  Vf^har  Lake  throus-h  t\  .32  in.  main,  the  quantity 
being  about  eight  millions  of  '.rallous  d.iily.  The  \<.-:iter  cnntains 
much  flocculent  vegetable  matter,  whicli  gives  the  water  a  green 
color  when  viewed  in  bulk  ;  filtration  eflecfually  removes  this. 
The  deposit  on  the  sand  rapidly  dries  when  the  water  is  drawn 
down  for  cleaning,  and  can  be  peeled  off,  being  quite  tough  and 
almost  independent  of  the  sand. 

The  filters  are  six  in  number,  five  being  200x80  ft.  each, 
and  the  sivth  110x145  ft.  The  effective  area  of  fire  of  these  is 
80,000  square  feet,  and  taking  the  quantity  of  water  at  eight 
millions  of  gallons  per  day,  the  quantity  is  100  gallons  per  .square 
foot  per  day,  or  a  rate  of  eight  inches  per  hour.  If  the  filters 
could  be  kept  clean,  this  rate  would  probably  satisfactorily 
cleanse  the  whole  supply,  but  the  vegetable  matter  deposited  ou 
the  top  ot  the  sand  rapidly  coheres  and  forms  a  covering  over 
the  sand,  through  whieh  thn  water  does  not  readily  penetrate, 
and  which  prevents  a  good  rate  of  filtration,  even  when  the 
head  is  increased  The  filters,  therefore,  require  very  frequent 
cleansings,  generally  about  every  tenth  day.  One  day  is  requir- 
ed for  cleaning,  and.  when  practicable,  another  day  is  given  for 
aeration.  The  head  re(juired  varies  from  3  inches  when  the 
filter  Is  first  started  to  lo  inches  when  required  to  be  cleansed. 

1.  The  water  from  the  32  in.  main  first  passes  into  a  dis- 
tributing canal  of  masonry  36x30  in.,  from  which  are  openings 
with  penstocks  24  in.  wide  and  12  in.  deep,  admitting  water  to 
each  of  the  filters.  The  bottom  of  the  penstock  opening  is  2  ft. 
above  the  level  of  the  stand.  To  break  thef>illof  the  water  a  well 
or  water  cushion  is  built  in  froutof  the  penstock  4  ft.  wide,  20  ft. 
long  and  3  ft.  6  in.  deep,  the  coping  of  the  well  being  level  with 
the  sand.  In  spite  of  this  provision  the  water  requires  to  l^e 
admitted  very  slowly  until  the  level  of  it  in  the  filter  is  equal  to 
the  level  in  the  distributing  canal,  in  which  case  no  fall  can  take 
place.     This  is  the  only  point  of  difficulty  in  working  the  filters. 

2.  The  base  of  the  filter  communicates  freely  with  a  clear 
water  canal  3  ft.  wide  and  7  ft.  deep,  from  which  there  are 
openings  into  the  distributing  basin.  These  collecting  canals  and 
openings  are  distinct  and  complete  for  each  filter  and  do  not 
communicate  one  with  each  other.  A  gauge-board  is  placed  in 
each,  which  being  level  with  a  similar  gauge-hoard  over  the  sand 
in  the  filter,  gives  at  a  glance  the  difference  in  the  level  or  the 
head  of  water  under  which  the  filter  is  working.  The  inlet 
sluices  to  the  distributing  basin  are  double,  one  at  the  bottom 
for  use  wher}  the  filter  requires  to  be  drawn  down,  and  one  24 
in.  wide  and  12  in.  deep  for  general  use  is  jjlaced  with  its  lip  12 
in.  above  the  level  of  the  sand.     This  provision,  together  with 
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the  regulating  inlet  sluices,  e)>ables  the  filter  to  be  regulated  as 
required  to  meet  varying  conditions. 

3.  The  filter  itself  is  formed  of  sand,  2  feet,  H  ins. ;  gravel, 
6  ins. ;  bricks,  6  ins. ;  total  3  feet,  6  inches. 

The  walls  are  3  feet  6  inches  higher  than  the  sand  and 
the  waste  weir  admits  a  depth  o(  3  feet  of  water  over  the  sand. 
The  upper  layer  of  briclis  is  placed  transversely  over  the  lower 
ones,  which  again  are  so  arranged  as  to  form  a  drain  to  carry 
away  the  filtered  water.  Air  escapes  are  provided  at  the  Inlet 
end  of  the  Filter  by  two  3-inch  pipes  rising  through  the  filter 
from  the  base. 

4.  The  sand  required  to  be  cleansed  is  removed  from  the 
filters,  and  to  facilitate  this  removal  a  narrow  tramway  is  laid  on 
the  top  of  the  masonry  walls  dividing  the  filters  from  each  other. 
The  sand  washing  wells  are  similar  to  those  at  Vehar,  to  be 
described  lower. 

A  second  main  having  been  laid  from  Vehar  to  the  Island 
of  Bombay,  filters  were  provii'ed  near  the  Vehar  Lake  to  deal 
with  the  water  passing  through  it.  The  filters  are  five  in  num- 
ber, each  being  70  feet  from  the  inlet  to  outlet  and  80  feet  wide. 
Four  filters  being  acting  jjive  an  area  of  22,400  square  feet.  It 
was  intended  that  2, 2o0  000  gallons  per  day  should  be  passed. 
This  gives  100  gallons  i^er  square  foot  per  day,  cr  a  rate  of  8 
inches  per  hour. 

1.  The  water  from  the  lake  first  passes  from  the  24-inch 
main  into  a  regulating  chamber,  and  thence  into  a  distributing 
canal  30x30  iuehes,  and  is  admitted  to  each  filter  throui;h  an 
opening  24  inches  wide  by  18  inches  deep,  governed  by  a  pen- 
stock opening  downwards.  In  front  of  the  inlet  there  is  a  water 
cushion  as  provided  at  Bliandarwada,  3  feet  wide,  20  feet  long 
and  42  inches  deep.  The  quantity  of  water  passing  to  tho  filter 
being  ouly  one-third  of  that  passed  through  a  similar  entrance 
and  into  a  similar  cushion,  it  works  better  here  than  there,  due 
care  beiog  had  in  first  filling. 

2.  The  collecting  canal  runs  along  the  opp  site  end  of  the 
filters  to  the  inlet  or  distributing  canal  ;  it  is  30  ins.  wide  and  7 
ft.  deep.  There  are  divisions  opposite  the  separate  filter  walls  to 
prevent  the  filtered  water  from  passing  from  one  filter  to  another. 
If  this  be  desired  at  any  time  it  can  be  efl'ected  by  passing  the 
water  back  through  a  12  in.  cleansing  main  used  for  drawing  off 
the  water  fiom  the  filters,  but  which,  by  alternate  sluices,  can 
be  made   to  pass   water   from  one  fiber  to  another.     By   these 

^arrangements  the  collecting  canal  can  be  maintained  practically 
at  the  same  height)  throughout  its  entire  length,  keeping  the 
delivery  into  the  city  main  as  far  as  possible  even  and  regular. 
The  water  is  delivered  from  the  collecting  canal  through  openings 
2  ft.  X  2  ft.  governed  by  penstocks  opening  upwards,  the  sill  of 
the  opening  being  12  in.  above  the  level  of  the  sand.  This 
discharges  the  water  into  a  chamber  3  ft.x3  ft.,  which  contains 
an  18  in.  branch  from  the  24  iu.  city  main.  In  the  brauch  a  sluice 
it  placed  so  that  the  water  can  be  sent  direct  to  the  town  when 
the  filter  is  not  at  work.  By  means  of  these  branches  the  filter 
can  be  charged  from  below  after  the  periodical  eleansings  ;  this 
being  done  slowly  enables  the  air  to  escape  from  the  sand  with- 
out disturbing  it. 
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3.  The  filter  is  of  the  same  section  and  construction  as 
already  stated  for  Bhandarwada  Works. 

4.  The  Sand  Waxhing  Tanks. — Alongside  tlie  Distribut- 
ino:  Canal  and  opposite  each  Inlet  to  the  Filters  is  a  masonry- 
well  12  ft.  x  8  ft.  for  washing-  the  sand.  The  lloor  is  made  of 
perforated  zinc  plates,  laid  on  and  supported  by  teak  wood 
planks,  perforated  with  j\  inch  holes,  1]  inch  centres.  These 
planks  are  carried  on  stone  i^locks  6  inches  high,  leaving  a  space 
benoath,  into  which  the  water  first  flows  and  then  passes  up 
through  the  sand,  being  under  pressure  from  a  4-incli  branch 
pipe  laid  from  the  m^in  from  the  Lakw  just  before  it  enters  the 
filters.  The  dirty  water  is  drawn  off  beneath  the  floor  by  a 
4  inch  outlet  into  a  waste  channel.  During  the  aciion  uf  wash- 
ing, the  water  rises  above  a  wall  of  the  well  and  falls  into  the 
waste  channel.  The  depth  of  the  well  is  2  feet  6  inches  to  the 
floor.  The  sand  from  a  filter  can  be  removed,  waslied  and  re- 
placed in  2  days. 

In  conclusion,  I  wish  to  thank  Mr.  A.  R.  Binnie,  under 
whom  I  had  the  iileasure  to  act  as  Resident  Engineer  on  the 
Gilstead  Works;  and  Mr.  Rienzi  Walton,  under  whom  I  have 
now  the  pleasure  to  serve  as  Deputj'  Executi\'»e  Engineer,  Bom- 
baj'  Water  Works,  for  their  kind  permission  to  describe  the  works 
and  lor  the  assistance  tlioy  have  given  me  in  placing  drawings 
at  my  disposal. 

Mr.  Decker  moved  that  a  vote  of  thanks  be  tendered 
to  Mr.  Tomiinson  for  his  paper.     Seconded  and  carried. 
Mr.  W.  G.  Richards  read  the  following  paper : 


PRACTICAL  RESULTS  OF  MECHANICAL 
FILTRATION. 

BY   W.    G.   RICHARDS. 

The  filter  plant  at  t?he  Atlanta  Water  Works  consists  of 
twelve  Hyatt  Filters  ten  feet  in  diameter,  thirteen  feet  high. 
The  filters  are  cylindrical,  and  are  placed  on  end  in  two  rows  ; 
the  main  supply  pipe  passing  between  them  ;  the  center  of  the 
pipe  being  eight  inches  below  the  center  of  the  filters,  or  about 
five  feet  above  the  pavement  of  the  filter  room. 

The  filters  are  divided  into  twe  compartments,  or  sections ; 
the  lower  section  bein?  the  filter  proper ;  the  upper  section  being 
used  for  the  purpose  of  washing  tbe  filtering  material,  which  is 
sand  and  coke — in  the  proportion  of  about  three  parts  sand  to 
one  part  coke. 

The  sand  used  is  @f  a  good  sharp  quartz,  and  the  coke  is 
the  ordinary  coke  that  is  taken  irom  the  smoke  box  of  a  locomo- 
tive and  passed  through  a  sieve  of  about  a  quarter  inch  mesh. 
The  depth  of  the  filter  bed  is  kept  at  about  five  feet. 

The  material  of  which  the  filters  are  constructed  is  ordin- 
ary boiler  plate ;  the  lower  section  fV  inch  thick  and  the  upper 
section  y\  inch  thick  ;  the  heads,  or  more  properly  speAkiiig,  the 
bottom,  and  the  partition  in  which  the  valves  between  tiie  upper 
and  lower  sections  are  placed  are  %  inch  thick. 
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No  doubt  a  majority'  of  the  members  of  this  association  are 
familiar  with  the  operation  of  the  Hyatt  Filter;  but  doubtless 
there  are  some  of  you  to  whom  a  doscriplion  will,  at  least,  be 
worth  listening  to.  In  the  case  with  us  the  water  flows  from  the 
impounding  reservoir,  through  the  Alters,  to  a  clear  water  basin 
by  gravity,  the  surface  of  the  water  in  the  reservoir  being  nine- 
teen feet  above  the  top  of  the  sand  and  coke  in  the  filters. 
Within  twenty  feet  of  the  filters  is  situated  the  clear  water  basin 
into  which  the  water  passes  from  the  filters  ;  the  average  height 
of  the  surface  of  the  water  in  this  reservoir  is  on  a  level  with  the 
bottom  of  the  filter. 

The  situation  of  the  impounding  reservoir  iu  this  instance 
was  rather  favorable  for  the  introduction  of  a  filter  of  this  de- 
scription, the  pumps  being  about  24  feet  below  the  surface  of  the 
water.  The  suction  pipe  was  cut,  and  a  tee  inserted  diverting 
the  water  by  an  arrangement  of  valves  from  its  direct  passage 
to  the  pumps  through  a  twenty -inch  pipe,  and  thence  by  means 
of  branch  pipes  six  inches  in  diameter,  it  is  distributed  to  the 
various  filters.  The  water  in  its  pa  sage,  and  before  it  reaches 
the  filters,  passes  a  twenty  inch  valve,  which  is  closed  enough 
to  somewhat  impede  the  flow,  and  cause  a  diversion  of  a  portion 
of  this  water  through  a  f  inch  pipe  t-^'  the  bottom  of  an  iron 
reservoir  holding  about  eight  cubic  feet  of  alum  in  solution. 
There  is  another  J  incli  pipe  passing  from  this  alum  tank  to  the 
other  side  of  the  twenty  inch  valve  where  it  enters  a  brass  pipe 
one  inch  in  diam  ter  placed  across  the  twenty  inch  supply  pipe 
horizontally  and  vertically  ;  this  cross*  pipe  has  a  number  of  holes 
one  sixteenth  of  an  inch  diameter,  through  which  the  solution 
of  alum  is  discharged  into  the  moving  column  of  water  on  its 
way  to  the  filter  beds,  so  that  the  water  reaches  the  filters  im- 
pregnated with  the  coagulant. 

After  passing  through  the  filter  bed  the  water  enters  a 
number  of  small  copper  saucers  which  are  attached  to  the  end 
of  pipes,  and  are  filled  with  copper  shot  about  a  tenth  of  an  inch 
in  diameter  ;  the  saucers  are  covered  with  a  piece  of  sheet  copper 
punctured  from  the  inside  with  small  holes  not  large  enough  to 
allow  the  shot  to  pass  through.  Gate  valv*!s  are  attached  to  the 
inlet  and  outlet  pipes,  so  arranged  that  the  current  may  be  re- 
versed when  the  sand  and  coke  are  being  discharged  into  the 
upper  chambers  for  washing.  In  the  top  head  or  partition  of 
the  filter  are  seven  twoinch  pipes  extending  to  nearly  the  bottom 
of  the  filter,  through  which  the  coke  and  sand  is  thrown  into 
the  wash  chambers  ;  there  are  other  valves  arranged  around 
these  pipes  in  the  partition  to  admit  the  coke  and  sand  to  the 
filter  chamber  after  it  has  been  washed.  These  valves  are  open- 
ed by  an  ingenious  arrangement  of  hydraulic  heads  at  the 
upper  end,  and  held  in  position,  when  closed,  by  springs  which 
are  coiled  outside  the  2inch  pipes.  The  clear  water  is  discharg- 
ed through  6-inch  pipes  into  a  30-inch  pipe,  which  conveys 
it  to  the  clear  water  basin.  The  filters  are  operated  from  a  floor 
which  is  within  four  feet  of  the  upper  edge  of  the  filters,  and  the 
work  is  performed  by  two  men,  one  at  a  time,  day  and  night. 

The  subject  assigned  me  on  the  programme  is  :  "Practi- 
cal Results  ol  Mechanical  Filtration  ;"  but,  as  I  am  neither  engi- 
neer nor  scientist,  my  subject  would,  perhaps,  have  been  better 
stated  if  transposed,  being  Mechanical  Results  of  Practical  Fil- 
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tration.  Our  impounding  reservoir  covers  an  area  of  52  acres,  and 
the  banks  are  just  as  nature  left  them,  except  that  about  three- 
fourths  of  the  timber  has  been  cleared  off.  The  wasiiings  are 
for  the  most  part  red  clay,  which  is  held  in  suspension  to  the 
extent  that  the  water  is  never  clear  ;  its  condition  being  muddy 
or  very  muddy.  On  the  water  thed,  which  covers  an  area  of  at 
least  five  square  miles,  are  numerous  dwellings,  wliose  wash- 
ings, notwithstanding  they  are  watched  closely  by  the  sanitary 
force  under  the  direction  of  the  Board  of  Health,  hud  their  way 
into  the  reservoir,  so  that  the  water  before  filtering  is  unfit  for 
anything  except  sanitary  uses  ;  it  very  rarely  being  sufficiently 
clear  for  bathing  or  laundry  uses.  After  passing  into  the  clear 
water  basin  small  objects  are  plainly  seen  through  it  at  a  depth 
of  twenty  feet,  and  the  bottom  is  plainly  seen  by  moonlight.  I 
quote  from  the  report  of  our  Board  of  Health : 

"The  sanguine  expectations  have  been  fully  realized. 
The  clear,  sparkling  water  which  has  recently  supplanted  the 
muddy  liquid  to  which  we  had  become  accustomed  attests  the 
completeness  and  value  of  the  work  donf  by  the  Newark  Com- 
pany. The  accompanying  analysis,  made  by  Mr.  Jno.  M.  Mc- 
Can'dless,  shows  the  quality  of  the  water,  now  received,  after 
passing  through  the  filters  to  be  unexceptionable.  Grains  per 
U.  S.  gallon,  total  solids  3.60,  sodium  chloride  0.76,  oxygen 
absorbed  0.03.  Parts  per  million,  free  ammonia  0.08,  albumenoid 
ammonia  0.03.  It  is  important  to  understand  that  the  large  pro- 
portion of  free  ammonia  detected  in  the  specimen  is  due  to  the 
fact  that  a  small  quantity  of  alum  is  used  in  this  system  of 
filtration  as  a  coagulaut.  Ammonium  is  frequently  employed  in 
the  manufacture  of  alum  as  a  substitute  for  potassium;  hence  it 
becomes  one  of  the  bases  of  this  salt,  and  ammonia  is  liberated 
when  the  alum,  the  sulphate  of  aluminum  and  ammonium,  is 
decomposed  in  the  Waokl^'n  process  of  analysis."* 

I  personally  know  but  little  of  the  scientific  results.  This 
I  know  ;  that  it  was  muddy  and  now  it  is  clear.  The  capacity  is 
three  million  gallons  in  24  hours.  The  cost  of  12  filters,  includ- 
ing the  house  over  them,  was  $.56,200.00.  Filters  and  clear  water 
basin  was  155,000.00,  house  over  filters  $1,200.00.  We  are  now 
filtering  an  average  of  about  two  million  gallons  per  day  at  a 
cost  of  $10.50,  $8.00  for  alum,  and  $2.50  for  labor.  The  quantity 
of  alum  required  is  contingent  upon  the  quality  of  the  water, 
and  as  the  water  contains  more  mud  during  the  season  of  heavy 
rains,  we  have  used  perhaps  the  maximum,  as  the  filters  have 
only  been  in  use  since  last  November.  I  do  not  anticipate  that 
the  average  for  a  year  will  be  as  much  as  the  filter  company 
allows,  which  is  one  grain  to  the  gallon.  There  is  but  a  small 
percentage  of  waste  of  sand  and  coke  in  washing,  and  of  this  I 
have  made  no  estimate.  I  have  found  but  one  class  of  persons, 
and  not  many  of  those,  who  object   to  the  Hyatt  Filters  ;  these 


♦Note  .—Since  the  Meeting  Mr  Richards  famishes  the  following  analyses  of 
the  water  before  filtering  : 

Sample  No .  1— procured  after  heavy  rains  :  Grains  per  U.S.  Gallon .  Total 
solids  8.03  Sodium  Chloride  0.7.').  Parts  per  million  :  Free  Ammonia  0.05,  Al- 
buminoid Ammonia  0.15. 

Sample  No  '2— procured  after  several  weeks  drouth  :  Grains  per  U.  S.  Gal- 
lon. Total  solids  4  10.  Sodium  Chloride  0.68.  Parts  perMiUion:  Free  Am- 
monia 0.02,  Albuminoid  Ammonia  0.10. 
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are  among  the  users  of  steam,  who  complain  that  the  alum 
leaves  a  deposit  in  the  boilers  ;  but  they  found  fault  when  they 
were  compelled  to  take  out  the  hand  hole  plates  oi.ce  a  week 
and  even  o(tener,  if  possible  to  do  so,  to  remove  the  mud.  and 
now  they  find  fault  if  they  cannot  run  always  without  any 
trouble  to  themselves. 

Our  engineer  at  the  works  has  found  no  fault,  and,  on  the 
contrary,  is  much  pleased  with  the  water  so  far.  As  a  matter  of 
course  if  there  be  alum  or  any  other  substance  in  tlie  water,  it 
would  necessarily  be  deposited  in  a  boiler.  I  am  not  prepared 
to  say  that  there  is  not  a  small  per  centage  of  the  alum  left  in 
the  water  after  it  has  passed  through  the  tilter  beds  ;  buc  as  the 
alum  is  used  to  coagulate  the  mud,  the  greater  portion  will  be 
found  with  the  mu  I  coagulated. 

If  the  water  flowing  from  the  filters  to  the  basin  were  not 
clear  then  we  might  expect  with  the  coloring  matter  a  percentage 
of  alum. 

At  present  there  has  but  one  analysis  been  made,  and  that 
by  a  local  chemist ;  but  it  is  the  intention  of  our  Board  of  Water 
Commissioners  to  have  an  analysis  made  by  three  different 
chemists  residing  outside  of  our  8tate.  Had  these  analyses  been 
made  prior  to  this  meeting  this  paper  would  doubtless  have  been 
more  interesting  and  satisfactory. 

Mr.  President: — This  a  matter  of  a  great  deal  of 
interest.  I  presume  you  would  like  to  ask  Mr.  Richards 
questions  upon  it. 

A  Member  : — I  would  ask  Mr.  Richards  whether 
the  full  head  of  nineteen  feet  is  used  to  force  the  water 
through  the  filter  ? 

Mr.  Richards  : — Yes,  sir,  the  full  head  of  the  water 
in  the  reservoir. 

Mr.  Fuller  : — I  would  ask  Mr.  Richards  in  regard 
to  the  color  of  the  water  after  it  has  been  through  the 
filter,  whether  it  still  retains  some  of  its  color,  or  whether 
it  is  nearly  colorless  f 

Mr.  Richards  : — The  water  is  perfectly  clear  after 
it  passes  through  the  filters. 

Mr.  Stephens: — This  experiment  has  been  in 
operation,  if  I  understood  correctly,  from  November  last 
— about  six  months  ! 

Mr.  Richards: — Yes. 

Mr.  Stephens: — Then  the  question  naturally  would 
follow  whether  the  materials  held  in  suspension  are 
greater  in  summer  than  in  winter.  If  so,  the  experiment 
would  be  more  satisfactory  if  we  had  it  for  the  full  year  ? 
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Mb.  Maxwell  : — I  would  ask  Mr.  Eichards  if  he 
would  not  think  that  during  the  summer  and  fall,  or  during 
the  decay  of  vegetation,  there  would  be  a  great  deal  more 
vegetable  matter  to  take  care  of  than  in  winter.  It  would 
depend  somewhat  on  the  nature  of  the  watershed,  of 
course  ? 

Me.  Richards  : — I  should  think  probably  there 
would  be,  but  as  we  have  not  yet  had  an  opportunity  of 
running  it  in  the  summer,  I  could  not  definitely  answer 
that  question. 

Mr.  Maxwell: — Does  your  impounding  reservoir 
collect  moss  and  vegetable  growth  on  the  surface  during 
the  summer  ? 

Mr.  Richards  : — No,  nothing  of  that  kind.  The 
impounding  reservoir,  I  forgot  to  mention,  covers  fifty- 
two  acres. 

Mr.  Billings  : — I  ask  Mr.  Richards  how  much  water 
it  takes  to  cleanse  the  filter,  per  million  gallons  filtered. 

Mr.  Richards  : — To  that  question  I  can  make  no 
positive  answer,  but  as  we  use  the  pond  water  to  wash 
the  sand,  we  pay  but  very  little  attention  to  it.  We  do 
not  use  the  clear  water  to  wash  the  sand,  or  the  sand 
and  coke. 

Mr.  Holme  : — What  is  the  capacity  of  the  clear 
water  reservoir — that  is,  the  reservoir  which  holds  the 
water  after  it  passes  through  the  filters. 

Mr.  Richards  : — The  clear  water  reservoir  holds 
360,000  gallons. 

Mr.  Holme  : — Is  it  lined  with  stone  ? 

Mr.  Richards  : — Lined  with  hydraulic  cement.  It 
is  built  of  brick. 

Mr.  Holme  : — Have  you  ever  noticed  any  growth  of 
any  kind  of  vegetable  matter  in  that  reservoir  ! 

Mr.  Richards  : — So  far  we  have  noticed  nothing  in 
there.  We  have  not  thoroughly  cleaned  it,  either,  since 
we  began  using  the  filters. 

The  President  : — Do  you  have  any  ice  in  your 
basins  in  winter  ? 

Mr.  Richards: — No,  sir;  we  have  very  little  ice 
around  there ;  not  enough  to  interfere  with  a  structure  of 
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that  kind.  In  the  clear  water  basin  I  never  expect  to  see 
ice  ;  the  water  would  not  remain  quiet  long  enough  for  ice 
to  form  to  any  extent.    The  climate  is  mild. 

Mr.  Dunham: — I  would  like  to  inquire  whether  the 
cost  of  power  to  operate  the  filters  is  included  in  the  esti- 
mate given  ? 

Mr.  Richards  : — There  is  lio  power  expended.  It 
is  done  by  gravity.    There  is  nineteen  feet  head. 

Mr.  Dunham  : — Is  the  water  pumped  after  that  ? 

Mr.  Eichards  : — Of  course. 

Mr.  Dunham  : — Have  you  made  an  estimate  of  that? 

Mr.  Richards  : — Xo,  sir. 

Mr.  Judson: — Is  the  analysis  you  gave  an  analysis 
after  the  water  passed  through  the  filters  ? 

Mr.  Richards: — After  the  water  passed  through. 

Mr.  Judson  : — I  would  ask  Mr.  Richards  another 
question,  and  that  is  about  those  copper  balls,  or  that  cop- 
per arrangement  about  which  he  spoke.  I  did  not  under- 
stand the  arrangement  of  that. 

Mr.  Richards  : — The  copper  discs  are  placed  there 
to  prevent  any  of  the  filtering  material  from  passing  out 
of  the  filter. 

Mr.  Judson  : — A  sort  of  valve  arrangement  ? 

Mr.  Richards  : — No,  sir  ;  they  are  copper  discs,  in 
which  is  placed  a  small  quantity  of  shot.  Fine  holes  are 
punctured  through  a  sheet  of  copper,  which  is  put  over 
them  on  the  under  side,  so  as  to  show  the  burr  on  the 
outside.  None  of  the  sand  or  coke  that  is  in  the  filter 
passes  out  through  them. 

The  President  : — The  next  in  regular  order  would 
be  a  paper  by  Mr.  Harrison,  on  the  ''  Use  of  Liquid  and 
Gaseous  Fuels."  Mr-  Harrison  is  not  present  with  us.  I 
think  Mr.  Gerecke  has  made  some  experiments  in  Chicago 
or  elsewhese  on  the  use  of  liquid  fuels,  and  perhaps  he 
might  at  this  time  give  us  a  little  information  in  regard  to 
what  he  has  done.  We  found  the  information  Mr.  White- 
law  gave  us  last  evening  to  be  very  interesting,  and  valu- 
able in  a  financial  way  to  many  of  us. 
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Mr.  Gerecke  : — When  I  left  Chicago  last  Monday 
I  had  to  leave  so  suddenly  that  I  was  not  prepared  to  say 
anything-  upon  this  subject.  1  was  not  then  a  member  of 
the  Association  and  I  came  here  at  the  request  of  our 
Commissioner  of  Public  Works.  What  I  say  to  you  now  is 
only  from  memory.  A  few  days  ago  I  had  to  pass  on  the 
bills  for  our  experiments  made  in  burning  oils.  On  the 
Fullerton  Avenue  conduit  we  have  a  double  engine  pump- 
ing water  from  the  Lake  into  the  north  arm  of  the  river, 
for  flushing  the  river,  to  get  rid  of  the  sewage,  which  we 
pump  out  at  the  southern  arm  of  the  river.  We  used 
coal  there  for  six  months  and  measured  and  weighed 
everything;  took  also  an  account  of  \he  number  of  hours 
the  engines  were  running.  Last  winter  we  used  oil ;  it 
was  used  at  the  wish  of  a  man  who  had  a  patent  burner. 
He  furnished  the  oil  for  a  certain  price,  and  the  coal 
costing  us  a  certain  price,  we  made  a  comparison.  ^Ve 
found  that  for  the  six  months  the  city  would  have  to  pay 
$885  more  for  the  oil  than  for  the  coal.  Reducing  it  to 
hours  this  made  22  cents  an  hour  more  for  oil  than  for 
coal.  But  as  the  city  did  not  intend  to  go  experimenting, 
the  man  who  presented  us  with  the  burner  allowed  us 
$100  or  8150  on  his  bill,  so  that  the  city  would  not  lose 
anything.  It  would  probably  have  been  cheaper  to  have 
burned  oil,  but  as  we  have  a  certain  number  of  men 
engaged  always  in  these  works,  no  reduction  was  made  in 
the  number  of  men,  and  the  expense  of  the  whole  plant 
was  the  same  for  burning  oil  as  for  i)urning  coal.  Of 
course  we  could  get  rid  ot  a  good  deal  of  labor  by  the 
use  of  oil.  ^o  attention  is  required  except  to  keep  the 
tank  full.  There  is  no  cartage  of  ashes,  or  anything  of 
that  kind. 

A  Member  : — What  were  your  prices  ? 

Mr.  Gerecke  : — I  can  not  remember. 

Mr.  Gardner: — How  long  did  your  experiments 
continue "? 

Mr.  Gerecke  : — Six  months. 

Mr.  Gardner: — What  difference  did  you  find  in 
wear  and  tear  on  the  brick  work,  the  effect  on  your  boilers, 
etc.! 

Mr.  Gerecke  : — It  did  not  make  any  difference 
whatever.  I  believe  that  oil  would  be  less  injurious, 
because  there  is  no  baking  of  cinders  and  no  raking  of 
ashes,  etc.,  required.  Tliere  was  less  loss  and  a  cleaner 
job  with  the  oil  than  with  coal. 
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Mr.  DiVEN  : — And  a  uniform  pressure  ? 

Mb.  Gerecke  : — Oh  yes,  always  a  uniform  pressure. 

Mr.  Diven: — And  you  had  no  accidents'? 

Mr.  Gerecke  : — No  accidents  whatever. 

Mr.  Troy  : — How  many  gallons  of  oil  compared  to 
a  ton  of  coal  f 

Mr.  Gerecke  : — Even  that  1  could  not  answer.  At 
least,  I  would  not  like  to  answer  it  from  memory. 

Mr.  Troy  : — Like  brother  Gardner,  I  nm  in  a  country 
where  we  have  to  pay  a  high  price  for  fuel,  and  we  are  a 
little  interested  iu  the  oil  question. 

The  President: — Mr.  Gerecke,  will  you  kindly  put 
some  of  those  •  statistics  together,  so  that  they  may  be 
embodied  in  the  report  of  your  remarks  this  morning? 

Mr.  Gerecke  : — Certainly.  I  will  send  them  to  you 
from  Chicago.* 


♦Note: -Since  the  meeting,  Mr    Gerecke  furnishes  the  following  : 
Correct  staiement  of  the  test  between  foal  and  oil,  as  made  at  our  Fullerton 
Aveiino  couduit  in  1886  and  1887,  each  test  taking  0  months. 

On  July  iOth.  1887,  a  contract  was  made  for  a  lot  of  fuel-oil  to  he  used  with 
a  certain  burner,  under  the  condition  that  •.',•250  tons  of  oil  must  be  eiiual  to  4,(W)0 
tons  of  coal,  which  wouM  evaporate  ".i  pounds  of  water  with  one  pound  of  coal 

The  price  f  t  oil  to  be  $5.50  per  ton, 

While  the  coal  would  be  .     $3  U  per  ton . 

Fr^^m  September  •2(jth,  188G.  to  February,  1887,  were  used  1502. -t  tons  of  coal 
in  4,17^J  hours  and  5  minutes  to  pump  3,808,675,(500  gaUons  of  water. 

The  cost  of  coal  was  $4,717  53. 

Consumption  of  coal,  per  hour 7-20  -21  pounds. 

Water  pumped,  per  hour 91'2,S95  gallons. 

Water  pumped  with  one  po and  coal 1^267. 5  gallons. 

Cost  of  coal  per  hour $1  1807. 

From  September,  1887,  to  February,  1888,  were  used  6,933  barrels  and  33 1;^ 
gaUons  of  fuel  oil  in  i  184  hours  .'SO  minutes,  to  pump  3,863,823,5.50  gallons  of  water. 

The  cost  of  tne  oil  was  $5,686.01." 

Con.  umption  of  oil  per  hour 494.1-2-2  pounds. 

Water  pumped  per  hour 923,365  gallons. 

Water  pumped  with  one  pound  of  oil  1868.69  gallons. 

Co  t  of  oil  per  hour        '.$1.3.585. 

Diflerencc  between  oil  and  coal  per  hour 22  78  cents. 

The  amount  of  water  pumped  by  coal,  to  the  amount  pumped  by  oil  =  1  : 
1.4743 

Price  of  coal  per  ton  to  price  of  oil  =  1  :  1.7516. 

Price  paid  lor  oil  more  than  for  coal $968  48. 

Reduced  to  the  same  time  as  using  coal $889.34. 

As  the  above  was  done  for  an  experiment  the  biU  presented  for  payment 
for  oil  was  6,938  33 K -I-  bbls.  of  oil  at  67c.  perbbl.,  $4,645  64,  which  was  paid  by 
the  citv. 

While  at  Cleveland,  I  visited  the  Otis  Steel  plant,  where  oil  la  used  under 
the  boilers  for  generating  stea  u,  and  I  gathered  this  information  : 
Cost  of  oil  per  bbl. ,  .55  cents,  at  42  gallons  per  bbl 
Slack  coal  per  ton,  $l  25 

Evaporation  of  water  by  coal  per  pound,  6J<  to  8  pounds  of  water,  against 
14  to  15  pounds  of  water  per  pound  of  oil . 

The  use  of  oil  will  be  by  far  cheaper  there  than  coal  on  account  of  saving  of 
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The  President  : — We  have  heard  some  reports  as 
to  tlie  destructive  action  of  the  use  of  oil  ou  boilers. 
Can  you  tell  us  whether  that  was  probably  due  to  a  faulty 
arrangement  of  the  burners  ! 

Me.  Geeecke  : — Really,  Mr.  President,  I  have  been 
in  Chicago  only  two  months  and  a  half  and  could  not 
answer  that  question. 

Mr.  Benzenberg  : — Are  there  any  offensive  fumes 
or  odors  noticable  from  the  oil  which  would  make  it  offen- 
sive to  the  surrounding  territory,  or  to  people  doing 
business  in  the  vicinity,  or  any  offensive  odor  from  the 
crude  oil  in  the  tank  ? 

Mr.  Gerecke  : — You  could  smell  it  of  course,  when 
the  oil  was  burning,  in  the  house,  but  outside  there  was  no 
smoke  and  nothing  offensive. 

Mr.  Priddy: — They  are  using  crude  oil  with  us 
considerably,  in  the  mines,  now.  They  put  tanks  upon  the 
hills  above  and  are  beginning  to  use  it  quite  extensively, 
and  expect  to  this  summer.  The  weather  is  so  severe  that 
the  oil  congeals  in  the  pipes.  We  have  h,id  one  accident, 
resulting  in  the  burning  down  of  a  large  tank.  That  I 
attribute  more  to  the  Carelessness  of  the  engineer  than  to 
anything  else.  But  where  they  have  used  it  it  has  seemed 
to  be  pretty  satisfactory.  I  have  not  yet  looked  into  it 
personally  to  any  great  extent. 

Mr.  Dunham: — I  would  inquire  of  Mr.  Gerecke 
whether  they  had  a  large  quantity  of  the  oil  stored  out- 
side of  the  building  f 

Mr.  Gerecke  : — No,  they  got  the  oil  by  the  car-load 
and  when  that  was  consumed  they  got  more.  They  had  it 
near  by,  but  I  do  not  know  where  they  got  it  from. 

Mr.  Stephens: — I  would  ask  Mr.  Gerecke  if  he 
was  favorably  impressed  with  the  use  of  oil  over  the  use 
of  coal,  and  if,  at  the  same  expense,  he  would  favor  the 
one  over  the  other  ? 


labor:  one  man  only  is  present  in  the  boiler-house,  where  a  nnmber  of  boilers 
are  used  ;  while  we  here  in  Chicago  kept  all  hands,  which  were  employed  when 
using  coal. 

The  oil  is  supplied  to  the  burners  by  two  small  duplex  steam  pumps,  which 
draw  the  oil  from  a  large  tank  some  distance  from  the  shop,  so  that  in  case  of  a 
fire  no  danger  can  arise  from  a  large  storage  of  oil  in  the  building. 

The  tank  is  located  quite  low,  while  the  car-tracks  are  elevated  so  that  the 
oilcan  flow  from  the  oil  Tank  on  the  car  to  the  storage  tank  below,  an>,  all 
necessary  care  is  taken  to  save  labor. 
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Me.  Gerecke  : — Really,  I  have  had  too  little'time 
to  devote  to  the  subject  to  be  able  to  answer  that  question. 

Mr.  Stephens: — That  question  is  a  very  important 
one.  I  am  about  to  apply  it,  in  any  event,  to  a  boiler  I 
have.  I  was  privileged  to  visit  the  Standard  Oil  Works  ; 
they  have  it  in  operation  and  they  keep  it  very  secret,  but 
what  I  saw  of  it  impressed  me  favorably,  so  much  so  that 
I  intend  to  try  it.  I  do  not  know  whether  it  is  a  fact  or 
not,  but  it  was  given  to  me  that  this  new  "Chicago  Pipe 
Line"  that  they  anticipate  building  from  Chicago  to  Xew 
York,  is  for  the  sole  purpose  of  conveying  what  they  call 
Lima  oil  to  New  York  for  that  very  purpose. 

Mr.  J.  Nelson  Tubbs,  of  Rochester,  read  the  follow- 
ing paper : 


Suggestions  as  to  Methods,  for  an  Approximate 
Determination  of  the 

YEARLY  RENTAL     VALUE    OF    FIRE    HYDRANTS, 

As  Connected  w^ith  any  System  of  Water  Works. 

BY   J.    nelson   tubes,  C.  E. 

The  popular  notion  among  both  engineers  and  laymen  in 
relation  to  this  subject  seems  to  be,  that  the  fair  yearly  rental 
value  of  a  fire  hydraut  as  connected  with  a  particular  System  of 
Water  Works,  is  an  indeterminate  quantity.  The  great  range 
of  prices  which  obtains  in  the*  various  towns  and  cities  ot  the 
country,  varyintr  as  it  does  from  $15  to  il2.5,  is  probably  the 
result  of  this  popular  belief. 

After  considerable  reflection,  I  am  clearly  of  the  opinion 
that  this  popular  couception  is  entirely  inaccurate.  This  remark 
I  regard  as  especially  true  in  relation  to  all  water  works  plants 
wliich  have  beeu  intelliirently  constructed  with  a  due  regard  to 
the  relative  requirements  for  domestic  and  fire  uses. 

Preliminary  to  the  discussion  of  the  proposed  methods  of 
determination,  it  may  be  premised,  that  tliis  yearly  rental  value 
will  vary  with  each  plant  and  will  also  slightly  vary  with  each 
series  of  years  of  greater  or  less  length,  dependent  upon  im- 
provements and  extensions  made  necessary  by  increased  con- 
sumption of  water,  and  the  growth  of  business  interests  to  be 
supplied  and  protected. 

The  principal  elements  which  enter  into  the  determination 
of  this  question  of  values  are  as  follows: 

(1)  A  knowledge  of  the  relations  which  exist  between  the 
maximum  amount  of  water  provided,  under  the  plan  of  construc- 
tion, for  fire  purposes,  and  the  maximum  amount  provided  for 
all  other  uses  at  the  same  moment.  This  determination  of  rela- 
tions to  be  made  not  only  as  to  the  supply  through  the  conduit, 
but  also  as  to  the  distributiou  pipes  through  each  street. 


15^ 

(^)  A  knowledge  of  the  relative  amount  of  power  required 
to  furnish  the  maximum  amounts  of  water  for  fire  purposes  and 
domestic  uses,  in  the  case  of  a  pumping  system,  or  of  head  in 
case  of  a  g-ravity  supply. 

(3)  A  knowledge,  in  case  a  reservoir  or  stand  pipe  is  used, 
of  the  increase  in  capacity  required,  because  of  the  fire  protection. 

(4)  A  knowledge  of  the  number,  size  and  character  of  the 
fire  hydrants  and  their  branches,  and  the  specials  and  gates  used 
in  the  fire  provision. 

(5)  A  knowledge  of  the  annual  cost  of  superintendence 
of  and  repairs  of  the  fire  hydrants. 

The  inte  ligent  Water  Works  Engineer,  when  '-ailed  upon 
to  design  a  Water  Works  System,  alter  having  determiu»-d  the 
source  of  supply,  proceeds  to  inaugurate  a  careful  inquiry  into 
the  question  ot  maximum  volume  of  supply  required-  This  latter 
determination,  in  view  of  the  almost  pheuomenal  rapidity  in 
growth  of  many  American  towns,  is  very  larjjely  problematical 
and  its  value  will  largely  depend  upon  the  experience,  intelli- 
gence and  sound  judgment  of  the  l^ngineer  ;  and  whether  the 
determination  proves  a  correct  one  or  not,  it  musi  be  made. 

Tile  usual  method  is,  by  careful  inquiry,  and  examination 
of  the  location  and  its  natural  advantages  for  business  expansion, 
to  a'  rive  at  a  judgment  of  the  probable  eventual  population  and 
tlie  character  ot  the  business  enterprises  to  be  most  largely  in- 
strumental in  the  growth  of  the  town  in  question. 

When  the  probable  maximum  population  at  the  end  of  30 
to  50  years  is  settled  upon,  it  is  further  assumed  that  a  domestic 
supply  of  from  (iO  to  1 00  gallons  per  capita  per  day  is  a  lair  and 
couser  /ative  provision,  and  the  total  daily  supply  is  then  for 
convenience  stated  in  gallons  per  minute 

It  is  also  probablj'  ^afe  to  assume  that  one  half  of -aid  daily 
consumption  will  occur  during  eight  hours.  The  whole  system 
of  pipeage  must  be  adjusted  to  this  maximum  rate  of  domestic 
consumption. 

The  next  subject  of  inquiry  is  the  maximum  qu  mtity  of 
water  per  minute  which  must  be  supplied  for  fire  protection,  and 
under  what  head. 

To  properly  settle  this  question,  a  familiar  knowledge  of 
the  character,  number  and  situation  of  the  manufacturing  and 
other  industries  in  the  town  is  required,  as  on  these  dep  nd  the 
number,  volume  and  power  of  fire  streams  required  for  protection. 

Having  settled  upon  the  maximum  number  and  character 
of  the  fire  streams  fairly  required  at  any  one  time  in  any  special 
locality,  and  the  resulting  number  of  gallons  of  water  per  minute 
whicli  will  thus  be  used,  this  number  of  gallons  per  minute 
added  to  the  maximum  number  of  gallons  per  minute  required 
for  domestic  use  during  the  8  hours  of  supposed  greatest  con- 
sampti  >n.  will  constitute  a  fair  determination  of  the  maximum 
number  of  gallons  per  minute  which  must  be  supplied  through 
the  conduit.  \  further  determination  must  also  be  made  of  the 
probable  population  and  resulting  domestic  consumption  in  the 
various  squares  and  main  avenues  of  the  town.  This  amount 
added  to  the  required  fire  protection  consumption  as  previously 
determined,  will  also  determine  the  size  of  the  several  dis- 
tributing mains. 
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The  foreoroinof  da'a  being-  at  hand,  let  the  sum  of  the  fol- 
lowing- items  represent  the  increased  cost  of  the  plant,  its  main- 
tenance and  operation  because  of  the  provision  for  tire  protection  : 

(a)  The  excess  in  cost  of  conduit  becau-e  of  i  he  necessity 
of  seeking  more  distant  sources  of  supply  at  greater  elevations 
to  make  the  fire  service  effective. 

(b)  The  excess  in  cost  of  conduit,  to  include  fire  provision, 
from  the  point  where  a  collecting  reservoir  might  be  located  if  a 
domestic  supply  only  was  desired. 

(c)  The  excess  in  cost  of  the  staud-pipe  or  reservoir  be- 
cause of  the  fire  provision. 

(d)  The  excess  in  cost  of  the  distribution  in  the  town  itself 
because  of  the  fire  provision. 

(e)  The  excess  in  cost  of  the  specials  used  in  the  mains  for 
hydrant  branch  connections  over  the  same  length  of  straights 
pipe,  also  including  increased  cost  of  setting  and  jointing  ^ame. 

(f)  The  whole  cost  of  the  hydrant  branches  and  laying 
same. 

(g)  The  excess  in  cost  of  all  gates  and  their  setting,  in 
consequence  of  the  increased  size  of  the  naains  for  the  fire  pro- 
vision 

(h)     The  cost  of  all  fire  hydrants  and  their  setting. 

(i)  The  cost  of  the  annual  repairs  of  the  fire  hydrants 
capitalized  at  5  per  cent. 

(j)  Two  per  cent,  of  the  cost  of  the  fire  provision  as  deter- 
mined by  the  summation  of  items  (a)  to  (h)  inclusivn,  to  cover 
cost  of  care  and  management  of  tlie  tire  plant  and  said  2  per 
cent,  capitalized  at  5  per  cent. 

(k)  A  sum,  tlie  accumulated  interest  of  which,  at  5  per 
cent,  will  p-oduce  the  cost  of  the  fire  provision  in,  say  35  years, 
thus  provid  ng  for  its  renewal  at  the  end  of  that  period. 

(1)  The  exce-s  in  cost  in  case  of  a  punaping  plant,  should 
be  inclu  led  in  the  items  (a)  to  (h)  inclusive,  and  the  yearly  excess 
in  cost  of  operation  should  he  capitalized  at  o  per  cent 

'I'he  annual  interest  on  the  gross  sum  of  these  several 
items,  calculated  at  such  a  rate  as  capitalists  are  willing  to  re- 
ceive for  money  loaned  on  good  water  works  securities  in  the 
particular  locality  in  question,  divided  by  the  number  of  hydrants 
in  use,  jnay  be  said  to  approximately  represent  the  yearly  rental 
value  of  each  of  said  hydrants. 

When  thus  determined  for  a  system  of  water  works  intel- 
ligently designed,  the  yearly  rental  value  of  a  fl  e  hydrant  will 
change  very  slightly,  so  long  as  the  domestic  consumption,  in- 
cluding waste,  does  not  exceed  the  amount  contemplated  by  the 
original  plan  of  construction. 

It  is  a  fact,  much  to  be  regretted  however,  that  very  many 
existing  systems  of  water  supply  have  been  designed  by  persons 
totally  incompetent  for  such  a  duty,  and  many  have  been  con- 
structed on  too  small  a  pattern  either  because  of  a  lack  of  means 
or  the  stupidity  of  the  local  management. 

In  .^uch  cases,  the  works  when  first  constructed  .-ind  before 
the  domestic  co  isumption  has  become  large,  may  and  in  most 
cases  do  I'uruitih  water  for  tire  protection  in  sufficient  quantity 
and  under  a  sufficient  head  lor  all  practical  purposes,  but  as  the 


domestic  use,  with  its  coacoraitaut  waste  increases,  the  volume 
aud  head  for  tire  streams  diminishes  year  by  year,  until  the 
only  value  the  system  has  for  the  latter  pu  pose,  is  the  possible 
furuishino:  of  sufficient  qu mtities  of  water  to  steam  fire  engines 
at  convenient  points  for  use. 

In  cases  oi  this  kind,  a  yearly  determination  of  values 
should  be  made  aud  the  methods  modified  to  the  following 
extent  : 

Instead  of  seeking  to  determine  the  ultimate  domestic  con- 
sumption, the  actual  rate  of  such  consumption  at  the  date  of  the 
examination  may  be  used  until  such  time  as  the  domestic  uses 
have  absorbed  so  much  of  the  volume  and  head  of  water  as  to 
render  necessary  theinterv^entioi\  of  steam  fire  engines  and  other 
appliances  to  supplement  the  volume,  power  aud  effectiveness  of 
the  streams  at  the  hjMrants,  when  some  other  method  of  deter- 
mination will  have  to  be  adopted,  the  water  works  having  then 
assumed  a  value  for  the  extinquishment  of  fires  but  little  in  ex- 
cess of  the  old  street  fire  cisterns  or  reservoirs. 

When  the  works  have  reached  this  condition,  there  should 
arise  but  little  controversy  in  relation  to  values,  and  a  deter- 
mined effort  should  be  made  for  a  reconstruction  of  the  system 
under  the  advice  of  an  enariueer  of  judgment  and  experience. 

One  other  modification  of  conditions  may  possibly  be  en- 
countered in  the  experience  of  the  engineer,  and  that  is  where, 
for  some  cause,  the  element  of  sufficient  head  for  effective,  mod- 
ern fire  streams  has  been  deliberately  neglected,  but  where  an 
adequate  volume,  for  that  purpose  has  been  provided  at  each 
hydrant. 

The  writer  can  perceive  no  reason  why  the  method  of  de- 
termination of  the  rental  value  hereinbefore  indicated,  may  not 
be  applied  in  such  a  case. 

If  in  the  exercise  of  a  wise  discretion,  the  engineer  shall 
conclude  that  the  mere  furnishing  of  an  abundant  volume  of 
water  at  each  hydrant,  leaving  the  head  to  be  supplemented  by 
other  appliances,  shall  jjrove  of  sufficient  value  to  compensate 
for  the  increased  cost  of  the  works  because  thereof,  there  can 
certainly  be  no  good  reason  adduced  to  prevent  the  application 
of  the  foregoing  methods  for  determining  values. 

[n  such  a  case  we  are  justified  in  the  assumption,  that  the 
supplementing  of  the  head  at  the  hydra  its  by  other  appliances, 
is  cheaper  than  that  of  providing  the  head  in  the  original  plan 
of  construction. 

The  writer  has  had  occasion  to  use  the  foregoing  described 
methods  of  determination  in  the  settlement  of  a  controversy 
between  a  water  w.)rks  company  and  the  citizens  of  a  flourishing 
manufacturing  village  in  the  State  of  New  York,  in  which  the 
yearly  rental  paid  for  each  fire  hydrant  had  previously  been 
$50,  but  which  by  this  method  of  determination  was  reduced  to 
$34.60. 

The  determination  was  finally  accepted  by  both  parties  as 
a  satisfactory  solution  to  the  problem  of  hydrant  rental  values. 

This  method  had  been  applied  and  accepted  in  the  grant- 
ing of  water  works  franchises  in  other  towns  where  the  plans 
had  been  fully  settled,  also  in  the  determination  in  my  own  city 
of  the  allowance  which  should  be  made  to  the  w-ater  works  fund 
for  public  uses  of  water. 
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The  method  thus  briefly  stated  is  respectfully  submitted 
for  the  cousideration  and  criticism  of  the  members  of  th»*  Asbo- 
ciation 

That  the  foreg:oing  method  may  be  more  readily  followed 
and  understood,  I  append  the  following  illustration  of  its  appli- 
cation to  an  assumed  gravity  supply,  the  case  being  purely  an 
ideal  one. 

IMiUSTBATION. 

Assume  a  village  situated  on  practically  level  ground,  with 
7  streets,  each  100  feet  wide,  running  north  and  south  and  desig- 
nated respectively,  commencing  with  the  most  westerly,  as  A, 
B  C,  D,  E,  F,  and  G  Streets.  Also  6  streets  100  feet  wide  run- 
ning- east  and  west  and  designated  respectively,  commencing 
with  the  most  northerly,  as  First,  Second,  Third,  Fourth,  Fifth, 
and  Sixth  Streets,  as  indicated  in  the  accompanying  sketch. 
These  streets  divide  the  village  into  30  squares,  the  sides  of  each 
being  500  feet  long. 

It  is  further  assumed  that  each  square  has,  or  will  have, 
a  populati  m  of  120,  making  a  present  or  eventual  total  popula- 
tion of  3600. 

It  is  also  assumed  that  at  a  distance  of  5000  feet  north  of 
the  north  line  of  the  village,  a  minimum  supply  of  water  equal 
to  375  gallons  per  mhiute  may  be  collected  directly  into  a  reser- 
voir at  an  elevation  of  200  feet  above  the  level  of  the  town.  Also 
that  the  same  amount  of  water  may  be  collected  directly  into  a 
reservoir  125  feet  high  at  a  point  2500  feet  north  of  the  north  line 
of  the  villnge,  or  midway  between  the  town  and  the  reservoir  as 
at  first  assumed 

Under  these  conditions  what  would  be  the  fair  yearly 
rental  value  of  each  two-way  fire  hydrant? 

DETERMINATION. 

3600  inhabitants  requiring,  including  all 

uses,  an  average  of 100  gallons  each  per  day 

=  360,000  gallons  per  day,  or  at  the 

rate  of  250  gallons  per  minute. 
Estimate  ^  of  this  used  in  8  hours,  or  at 

the  rate  of 375  gallons  per  minute. 

Estimate  a  provision  of  6  fire  streams  at 

150  gallons  each,  equal  to. 900  gallons  per  minute. 

Making    the    maximum    estimated    re- 
quirements  1275  gallons  per  minute. 

The  first  assumed  reservoir  has  an  elevation  of  200  feet  plus 
the  village,  equal  to  a  static  pressure  of  86.6  pounds  per  square 
inch. 

To  deliver  at  the  north  line  of  the  village  (a  distance  from 
the  reservoir  of  5000  feet),  1275  gallons  per  minute  through  a  12 
inch  main,  involves  a  friction  loss  of  about  10  lbs  per  square  inch, 
which  deducted  from  the  pressure  86. 6  pounds  due  to  the  head 
of  the  reservoir,  leaves  a  working  pressure  at  the  hydrants  at 
the  intersection  of  the  conduit  with  First  Street  of  76.6  lbs.  per 
square  inch. 

As  the  longest  line  of  rubber  2^  inch  hose  required  to  be 
used  at  this  point  (with  1|  inch  nvjzzle)  need  not  exceed  300  feet, 
the  friction  loss  in  the  hose  would  be  about  29  lbs.,   which  de- 
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ducted  from  76  lbs.  would  leave  an  effective  pressure  at  the 
nozzle  of  say  47  lbs.  which  would  produce  streams  reaching 
about  120  feet  horizontal  iind  a  vertical  heijrht  of  90  feet. 

Such  streams  would  be  regarded  as  sufficient  for  a  town 
of  the  population  assumed,  and  hence  the  size  of  the  conduit  may 
be  fixed  at  12  inciies  diameter. 

The  next  questions  to  be  determined  are,  whether  a  reser- 
voir placed  at  an  elevation  of  125  feet  would  be  In'trh  euougrh  for 
domestic  use  in  case  the  fire  provision  is  abandfMi-d,  and  it  so, 
what  should  be  the  size  of  the  conduit? 

The  second  reservoir  is  assumed  to  be  placed  at  an  eleva- 
tion of  125  feet  pli  s  the  villag-e  datum,  equal  to  a  static  pressure 
of  54  lbs.  per  square  inch. 

The  fricuon  loss  in  a  6  inch  pipe  2500  feet  long  discharging 
at  the  rate  of  375  gallons  per  minute  is  about  14  lbs  ,  which  de- 
ducted from  54  lbs.  <iu«  to  the  elevation  of  the  reservoir  would 
leave  an  effective  pressure  at  First  Street  of  40  lbs.,  equal  to  92 
feet  head,  vv  hich  would  carry  the  water  to  the  upper  stories  ot  all 
buildings,  if  provided  with  service  pipes  of  rea?onable  size,  and 
the  conduit  for  a  domestic  supply  may  therefore  be  fixed  at  6 
inches  diameter. 

The  excess  in  cost  because  of  obtaining  sufficient  head  for 
the  fire  service  may  be  stated  as  follows,  and  designated  as 
item  (a). 

2.500  lin.  feet  12  in.  pipe  =  94  tons  at  t34  delivered $3,196 

2,500  lin.  feet  trenching  for  and  laving  12  in.  pipe  and  back- 
filling, at36cent8 .'. 900 

Amount  of  item  (a) ?4,096 

The  excess  is  cost  because  of  increased  size  of  the  conduit 
for  the  fire  service  from  the  second  or  lower  reservoir  to  the  town, 
may  be  stated  as  follows,  and  designated  as  item  (b) : 

DiflTerent-e  in  weight  of  12  in.  and  6  in.   pipe  2500   ft.   long 

=  57  tons  at  S34 $1,938 

Difference  in  cost  of  laying  12  in.  and  t>  in.  pipe  2500  ft.  long 

=  2500  ft.  =  8  per  cent 200 

Amount  of  item  (b) $2,138 

The  next  question  to  be  considered,  is  to  what  extent  the 
size  and  cost  of  the  reservoir  is  to  be  affected  by  the  addition  of 
the  fire  provision. 

In  the  case  assumed,  the  minimum  flow  of  the  collected 
water  is  placed  at  375  gallons  per  minute,  while  the  average 
requirement  tor  the  whole  24  hours  is  at  the  rate  of  250  gallons 
per  minute.  It  follows  that  for  the  domestic  supply  only,  a  very 
small  and  compiratively  cheap  reservoir  raav  be  designed  and 
safely  employed,  say  with  a  capacity  of  100,000  gallons  or  less. 

The  fire  provision,  must,  however,  be  provided  from  stored 
water,  and  the  minimum  amount  thus  stored  must  equal  900 
gallons  per  minute  during  the  continuance  of  a  fire. 

In  a  manufacturing  town  a  single  fire  may  require  fire 
streams  for  a  period  of  at  least  four  hours,  and  ic  is  not  unusual 
that  three  such  fires  should  occur  within  a  period  of  24  hours. 
Tiiis  would  require  a  storage  as  follows  :    900  gallons  per  minute 
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for  12  hours  or  720  minutes  equals  680,000,  say  700,000  gallons,  to 
which  add  100,000  gallons  for  domestic  storage,  and  we  reach  the 
conclusion  that  we  require  a  reservoir  of  a  storage  capacity  of 
800,000  gallons  when  we  include  the  fire  provision,  as  against  one 
of  100,000  gallons  for  the  domestic  system  alone. 

The  determination  of  the  difference  in  cost  of  the  two 
reservoirs  is  not  diflBcult,  and  therefore  for  our  present  purpose 
we  will  assume  the  amount  of  this  difference  in  cost,  and  desig- 
nate the  same  as  item  (c). 

Excess  in  cost  of  Reservoir  because  of  fire  provision  (Item  c)..$3  500 

We  will  now  proceed  to  the  determination  of  the  increased 
size  and  consequent  cos.  of  the  pipe  distribution  because  of  the 
fire  provision  ;  and  to  illustrate  will  take  the  case  of  the  main  in 
First  iStreet,  or  the  most  northerly  street  in  the  villaare,  and 
which  is  3700  feet  long  and  intersects  the  conduit  at  "D"  Street. 

At  the  northwest  corner  of  the  village  at  the  West  end  of 
First  Street,  and  at  a  distance  of  1850  feet  from  the  intersection 
with  the  conduit  at  "D"  Street,  it  is  required  to  furnish  as 
follows  : 

6  fire  streams  each   discharging  150  gals,   per 

minute  =         900  gals,  per  min. 

A  domestic  supply  to  300  people  =  30  gals,  per 

minute 30  gals,  per  min. 

Total  maximum  requirement  at  that  point  930  gals,  per  min. 

The  friction  loss  in  a  10  inch  pipe  1850  feet  long  under 
these  conditions  is  about  of^  pound'-,  which  will  give  practically 
the  same  character  of  fire  streams  as  at  corner  of  '-D"  Street, 
where  the  12  inch  conduit  first  reaches  the  North  line  of  the 
town,  especially  so  in  case  any  less  than  6  streams  should  be 
used  at  once. 

By  a  similar  calculation  we  might  determine  the  size  of 
maiu  required  for  each  of  the  two  systems. 

We  will  assume  lor  the  sake  of  brevity  that  this  has  been 
done  with  the  following  results  : 

SIZES   OF   MAINS   REQUIRED    FOR   THE   SYSTEM   INCLUDING 
THE   FIRE   PROVISION. 

First  and  "D"  Streets 10  in.  diameter. 

Sixth,  A,  and  G  Streets 8" 

Second,  Third,  Fourth,  Fifth,  and  B,  C,  E,  and 

F  Streets 6  *'  " 

SIZES   OF   MAINS   REQUIRED    FOR   THE   DOMESTIC 
SUPPLY   ALONE. 

Second,  Fourth,  Sixth,  and  "D"  Streets 6  in.  diameter. 

First,  Third,  Fifth,  A,  B,  C,  E,  F  and  G  Streets 4   "  " 

On  making  the  ne(  essary  combinations,  we  find  that  the 
distribution  which  provides  a  fire  protection  will  require  a 
weight  of  straight  pipe  236  net  tons  in  excess  of  the  domestic 
system,  and  about  6000  pounds  of  special  castings. 

A  detailed  calculation  will  also  show  that  the  laying,  joint- 
ing, &c.,  ot  the  first  system  will  cost  about  |900  in  excess  of  the 
second. 
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The  following  statement  includes  these  several  items  and 
indicates  the  excess  in  cost  of  the  village  di-ttribiiti(m  because  of 
the  fire  provision,  and  may  be  designated  as  Item  (d). 

ESTIMATE. 

236  net  tons  straight  pipe  at  $34 $8  024 

6000  lbs.  specials  (estimated)  at  3  cents 180 

Excess  in  cost  of  laying  pipe 900 

Amount  of  Item  (d) 19,104 

The  assumption  is  made  that  the  town  in  question  will  re- 
quire 50  fire  hydrants,  and  Item  (e)  will  represent  the  excess  in 
cost  of  hydrant  biauch  specials  and  cost  of  jointing,  &c.,  over 
the  same  length  of  st  aight  pipe. 

ESTIMATE. 

10,760  lbs.  specials  f.)r  hydrant  branches,  at  3  cents $321  00 

Extra  cost  of  setting,  jointing,  &c.,  over  straight  pipe 100. 0<) 


Amount $421.00 

DEDUCT. 

4000  lbs.  straight  pipe  saved,  at  1^  ots S  68  00 


Amount  of  Item  (e) $353.00 

Item  (f)  includes  whole  cost  of  hydrant  branches  and 
laying  same. 

10  net  tons  straight  pipe  at  $34 $340.00 

1000  lin.  ft  trenching  and  laying  at  26  cents 260.00 

Amount  of  Item  (f) $600.00 

Item  (g)  embraces  the  increased  cost  of  valves  required  in 
consequence  of  the  increase  in  the  size  of  the  distribution  mains 
required  for  the  fire  provision.  As  these  can  easily  be  exactly 
determined,  I  simph'  assume  an  amount  for  my  purpose  of  illus- 
tration. 

Excess  in  cost  of  gates  and  setting.  Item  (g) $500.00 

Item  (h)  includes  the  cost  of  all  fire  hydrants  and  setting. 

ESTIMATE. 

50  two-way  fire  hydrants  at  $30 $1,500.00 

50  setting  fire  hydrants  at  $4....: 200.00 

Amount  of  Item  (h) $1,  700.00 

SUMMATION    OF   PKECEDIN  .     ITEMS    COMPRISINt*     COST   OF    FIRE 

PROVISION. 

Item  (a) $4,096  00 

Item(b)    2,138  00 

Item  (c) 3,500  00 

Item  (d) 9,104  00 

Item  (e) 353  00 

Item  (f) 600  00 

Item  (g) 500  00 

Item  (h) 1,700  00 


Cost  of  the  fire  provision $21,991  00 
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Item  (i)  is  the  capitalization  of  ttie  yearly  cost  of  re- 
pairs to  fire  hydrants  as  follows  :  50  hydrants  at 
$3=$150--5  cent3= 3,000  00 

Item  (j)  is  the  capitalization  of  the  yearly  cost  of  care 
and  management  of  the  fire  plant,  as  follows  : 
The  cost  of  plant=|21  991+2  per  cent.=|$439.82H- 
5  cents 8,796  GO 

Item  (k)  is  a  sum,  the  accumulated  interest  of  which, 
when  compounded  at  4  per  cent,  will  in  35  years 
amount  to  the  cost  of  the  fire  provision  plant  and 
also  repay  the  original   sum  at  the  end   of  the 

period,  as  follows  : 

1 

Formula  S= j-  P.    In  which  S=  sum  which 

1.04n— 1 
will  at  the  end  of  35  years  at  4  per  cent,  produce 
(S+P). 

P=:original  cost  of  fire  plant, 

n  =number  of  years  in  which  plant  is  to  be  renewed. 

1 

This  formula  becomes  8= h  $21,991 7,465  00 

1.0435—  1 

Total  Investment  required  t*  construct,  maintain,  man- 
age and  renew  thft  fire  provision $41,252  00 

As  water  works  bonds  can  readily  be  sold  at  3J  to  5  per  cent , 
using  the  larger  rate  we  have  $41,252+5  per  cent  =$2,062.60 
yearly  interest  on  same,  which  must  be  paid  from  fire  hydrant 
rental. 

$2,062.60h-50  hydrants  equals  $41.25  per  year  as  the  rental 
value  of  each  hydrant  in  the  case  assumed. 

Mr.  Dunham  : — Mr.  President,  two  things  have 
occurred  to  me  in  the  reading  of  this  paper.  I  may  not 
have  followed  it  very  closely  or  understood  accurately, 
and  if  I  am  wrong  in  my  inference  I  would  like  to  be 
speedily  corrected.  I  did  not  see  that  provision  was 
made  for  extending  the  fire  service  outside  of  the  district 
which  was  described.  That,  of  course,  is  something  that 
should  always  be  taken  into  account  in  dealing  with  the 
construction  of  a  system  for  a  city,  and  all  the  pipes 
throughout  should  be  large  enough  to  provide  the  required 
number  of  streams  at  a  considerable  distance  from  the 
limits  first  fixed.    Is  that  an  item  in  this  calculation  % 

Mr.  Tubes: — It  is  an  item.  Of  course  I  simply 
determine  the  size  of  one  main  there  as  an  illustration, 
but  you  will  find  that  I  remark  that  the  size  of  each  main 
throughout  the  whole  distribution  would  be  determined 
in  a  similar  manner.  Of  course,  if  it  includes  fire  service, 
each  main  must  be  adjusted  to  performing  its  duty.  Does 
that  answer  your  question  ? 
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Mr.  Dunham: — My  point  is  that  it  should  be  adjus- 
ted to  perform  certain  duties  outside  of  the  district  which 
is  referred  to,  as  the  city  increases  in  size. 

Mr.  Tubes  : — Oh,  yes,  sir.  I  say  in  the  course  of 
the  paper  it  will  vary  very  little,  and  in  an  intelligently 
designed  set  of  works  the  yearly  rental  value  of  a  fire 
hydrant  will  vary  very  slightlv  for  a  long  series  of  years, 
but  that  an  occasional  readjustment  of  values  should  be 
made.  As  the  hydrants  are  extended  the  cost  increases, 
of  course,  but  one  balances  the  other  and  your  relation 
still  remains  no  matter  how  much  you  extend. 

Mr.  Dunham  : — My  other  point  is  in  regard  to  the 
storage  capacity.  In  this  gravity  system  certain  questions 
are  very  much  simplified.  If  the  water  is  delivered  by 
pumps  and  the  pressure  maintained  at  thirty  or  forty 
pounds  for  domestic  use,  and  then  increased  for  fire  pro- 
tection, you  have  a  large  amount  of  water  pumped  through 
all  your  connections  on  account  of  the  fire  protection  that 
you  offer.  That  is,  in  a  city  where  you  are  pumping,  we 
will  say,  three  or  four  hundred  gallons  per  minute  for 
domestic  consumption,  if  it  is  required  to  furnish  water 
for  fire  at  a  pressure  of  125  pounds,  the  first  three  or  four 
hundred  gallons  per  minute  become,  possibly,  fifteen 
hundred  gallons,  and  that  would  be  an  item  which  would 
affect  the  storage  capacity  required.  Just  as  an  illustra- 
tion, I  can  mention  a  fire  where  twenty-one  hours  of  steady 
pumping  were  required,  and  whilst  only  five  streams  or 
such  a  matter  were  furnished,  the  actual  amount  of  water 
pumped  was  about  two  thousand  gallons  a  minute,  which 
would  call  for  a  storage  capacity  of  something  like 
2,400,000  instead  of  800,000.  And  this  was  in  a  town  not 
very  different  in  size  from  the  one  mentioned. 

Mr.  Tubes  : — Of  course  all  this  is  left  to  the  judg- 
ment of  the  engineer.  When  he  is  getting  these  items 
together  he  must  be  sufficiently  familiar  with  the  town,  its 
pipeage,  and  the  probable  number  of  streams  that  will  be 
required,  to  design  his  reservoir  large  enough  for  all  such 
contingencies.  I  do  not  expect  this  to  be  a  guide  for 
anybody  in  figuring,  except  in  so  far  as  it  indicates  methods. 

Mr.  Diven  : — Mr.  President,  the  principal  diflBculty 
I  see  in  this  is  to  get  a  Common  Council  with  sufficient 
intelligence  to  understand  it  all.    That  is  a  rare  thing. 

Mr.  Tubes: — I  have  prepared  this  paper  for  two 
reasong.    I  believe  it  has  been  a  subject  of  discussion  in 
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this  Associations  in  previous  years ;  I  think  it  has  been  a 
subject  of  discussion  in  the  New  England  Water  Works 
Association.  I  know  that  in  the  hundreds  of  towns  in 
which  syndicates  have  built  water  works  and  are  taking 
a  hydrant  rental,  it  is  extremely  important,  not  only  to  the 
investor  whom  these  syndicates  or  companies  request  to 
buy  their  bonds  or  their  securities,  but  it  is  also  extremely 
important  to  the  municipality  itself,  to  know  or  to  have 
some  fair,  reasonable  method,  of  determining  what  are 
fair  rentals. 

There  comes  in  another  element  in  the  case,  and  it 
is  one  that  will  appeal  to  the  water  works  people  of  Cleve- 
land, as  well  as  all  other  towns  owning  their  own  water 
works.  The  usual  practice  is  for  the  municipality  owning 
its  works  to  use  all  the  water  it  pleases  for  public  pur- 
poses and  make  no  return  on  the  books  of  the  department, 
and  now  there  is  a  crying  demand  from  almost  every  water 
department  that  reasonable  credits  be  put  upon  the  books 
for  the  valuation  of  public  water.  I  have  been  fortunate 
enough  to  induce  my  own  city  to  give  us  a  credit  of 
$100,000  a  year  for  public  use  of  water,  and  I  succeeded 
in  doing  it  on  this  basis  :  I  worked*  out  the  system  and 
was  enabled  to  show  the  people  that  we  were  justly 
entitled  to  something  like  those  figures.  If  you  have  no 
system  they  say  that  you  are  guessing  at  it,  and  it  don't 
make  any  difference  any  way,  the  municipality  owns  it  and 
has  to  pay  for  it.  But  if  you  can  go  before  them  and  say, 
"We  have  actually  earned  this  money,  gentlemen,  on  a 
fair,  reasonable  computation,"  then,  as  it  is  a  mere  matter 
of  book-keeping,  you  are  very  likely  to  succeed  in  getting 
your  credits. 

Mr.  Dunham  : — I  would  like  to  inquire,  in  the  case 
of  Rochester,  where  the  value  of  fire  service  is  fixed  at 
$100,000,  the  number  of  hydrants,  or  what  is  that  per 
hydrant  % 

Me.  Tubes  : — This  $100,000  does  not  include  hydrant 
rental  only;  it  includes  various  other  uses.  We  have 
between  1700  and  1800  hydrants,  and  they  are  rated  at 
something  over  $50  apiece  on  these  figures. 

Mr.  Denman  : — Mr.  Chairman,  I  found  it  impossible 
to  follow  the  reader  and  take  in  the  paper  as  it  should  be 
considered,  but  I  did  not  perceive  that  Mr.  Tubbs  had 
made  any  allowance  or  attempted  to  make  any  allowance 
for  the  moral  henefit  that  ensues  from  the  presence  of  a 
fire  hydrant.    The  insurance  companies  have  what  they 
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call  a  "moral  risk,"  a  ''moral  hazard."  Now,  a  water  com- 
pany is  entitled  to  pay  for  what  might  be  called  the  moral 
benefit  that  arises  from  the  presence  of  a  fire  hydrant. 

There  is  another  factor  that  1  cannot  eliminate  from 
the  consideration  of  the  subject,  and  that  is  the  uncer- 
tainty of  the  quantity  of  water  that  is  to  be  consumed. 
It  may  be  a  little  tire,  or  it  may  be  a  large  one.  It  may 
be  the  destruction  of  your  pumps  where  you  are  pumping 
by  direct  lines.  You  may  by  your  contract  have  to  pump 
for  six  streams,  or  you  may  have  to  pump  for  ten  or 
twenty.  The  accidents  that  may  come  to  a  pumping  works 
from  the  abnormal  quantity  of  water  which  we  are  always 
liable  to  be  called  upon  to  furnish,  should,  1  think,  l3e 
taken  in  and  considered  as  a  factor  in  this  paper.  The 
fact,  is,  I  think,  that  the  best  way  out  of  the  dilemma,  to 
settle  the  question  of  value,  if  you  can,  is  to  get  a  good 
round  sum  per  mile  and  let  the  city  put  on  as  many 
hydrants  as  it  pleases.  It  seems  to  me  that  that  is  the 
better  way  to  do  it. 

Ool.  Gardner  offered  the  following  resolution : 

Heaolved,  That  the  Committee  ou  Publication  of  Proceed- 
ceeding-s  take  necessary  steps  looking-  toward  the  collection  of 
prints  and  drawings  which  have  been  placed  on  exhibition,  and 
such  others  as  they  may  be  able  to  procure  gratuitously,  with  a 
view  to  future  publication  ;  that  the  associate  and  active  mem- 
bers be  requested  to  furnis-h  drawings  and  prints  of  interest  to 
the  Association  and  in  the  line  of  our  work. 

Adopted. 

The  Secretary  stated  that  there  was  no  such  com- 
mittee as  a  "Committee  on  Publication ;"  whereupon  Col. 
Gardner  moved  that  the  "Committee  on  Publication"  re- 
ferred to  in  the  foregoing  resolution  consist  of  Col.  Fan- 
nin g^and  Mr.  Decker. 

Seconded  and  carried. 
Adjourned. 
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Afternoon  Session,  Thursday,  April  19, 1888. 

Meeting  called  to  order  by  Prest.  Fanning  at  2:30 
o'clock. 

REPORT  OF  NOMINATING  COMMITTEE. 

The  Committee  on  Nominations  beg  leave  to  recommend 
the  followiug  persons  to  serve  the  Association  for  tlie  ensuing 
year  : 

For  President. — A.  N.  Denman,  of  DesMoines,  Iowa. 

For  Vice-Presidents. — J.  N.Diven,  of  Elmira,  N.  Y. ;  W. 
G.  Richards,  of  Atlanta,  Ga. ;  Jno.  W.  Henion,  of  Minneapolis, 
Minn.;  Chas.  N.  Priddy,  of  Leadville,  Col.;  H.  W.  Ayres,  of 
Hartford,  Conn. 

For  Secretary  and  Treasurer. — J.  H.  Decker,  of  Hanni- 
bal, Mo. 

For  Finance  ("nmmittee. — Frank  W.  Holly,  of  Lockport, 
N.  Y.  ;  F.  L.  Fuller,  of  Boston,  Mass.  ;  Thos,  'N.  Hooper,  of 
Davenport,  Iowa. 

For  the  Committee,  L.  H.  GARDNER,  Ch'n. 

Report  on  motion  accepted. 

On  motion,  chairman  of  committee  cast  ballot  of 
Association  for  the  nominees  of  the  committee,  who  were 
then  declared  the  officers  for  the  ensuing  year. 

Col.  Gardner  offered  and  moved  the  adoption  of  the 
following  resolution : 

Resolved,  That  the  thanks  of  the  Association  are  hereby 
tendered  to  Col.  J.  T.  Fanning,  for  his  services  as  President 
during  the  past  year,  which  have  resulted  in  so  pleasant  and  so 
profitable  a  meetiug  as  that  M^hich  is  now  closing. 

Carried  unanimously  by  a  standing  vote. 
Col.  Gardner  also  offered  and  moved  the  adoption  of 
the  following  resolution : 

Resolved,  That  the  thanks  of  the  Association  be  and  are 
hereby  tendeied  to  Mr.  C.  E.  Burke,  for  his  kind  and  hospitable 
attention  to  the  ladies  who  have  accompanied  our  members,  and 
for  other  special  courtesies,  which  we  will  remember  with 
gratitude. 

Unanimously  adopted,  by  a  rising  vote. 
Mr.  Diven  offered  a  resolution  of  thanks  to  the  Com- 
mittee of  Arrangements  and  Reception. 
Adopted. 
Mr.  Denman  offered  the  following  resolution  : 

Resolved,  That  the  thanks  of  this  Association  are  due  and 
are  hereby  heartily  tendered  to  John  Whitelaw,  Esq.,  and  to 
the  Engineer's  Club  of  Cleveland,  of  which  he  is  President,  for 
the  excellent  paper  read  by  Mr.  Whitelaw  before  this  Associa- 
tion at)  the  City  Hall  last  evening,  for  diagrams  presented  and 
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for  the  exhibition  of  the  working  model  of  the  Crib,  and  for 
other  information  given  in  response  to  questions  from  our 
members.  Also  to  W.  A.  Madison,  Esq  ,  Secretary  of  Cleveland 
Water  Board,  for  his  paper  relating  to  water  work  accounts, 
also  presented  at  the  same  meeting,  which  was  of  great  interest 
to  the  members  of  our  Association. 

Resolved,  That  the  Secretary  be  requested  to  procure  a 
copy  of  each  of  these  papers  for  publication  in  our  annual  pro- 
ceedings. 

Adopted. 

PLACE   OF   NEXT  MEETING. 

Mr.  Diven  nominated  Baltimore,  Mr.  Gerecke  Chicago, 
Mr.  Kichards  Atlanta,  Mr.  Decker  (by  request  of  Mr.  F. 
A.  W.  Davis)  Indianapolis,  Mr.  Tubbs  Eochester,  Prest. 
Fanning  (by  request  of  Mr.  Hermany)  Louisville. 

Moved  and  seconded  that  the  Association  proceed 
to  an  informal  ballot,  after  which  a  formal  ballot  be  taken 
on  the  cities  having  the  three  highest  ballots,  all  others 
being  dropped.     Seconded  and  carried. 

Mr.  Holme  and  Mr.  Fuller  were  appointed  tellers. 

The  informal  ballot  resulted:  Atlanta,  19;  Louis- 
ville, 15 ;  Chicago,  6;  Eochester,  3;  Baltimore,  3;  Indian- 
apolis, 3. 

Louisville  was  selected  on  the  second  formal  ballot, 
which  stood  :     Louisville,  26  ;  Atlanta,  2o. 

A  vote  of  thanks  was  moved  and  adopted  to  the 
gentlemen  inviting  the  Association  to  meet  at  other  cities. 


Adjourned. 


^AfA^^^i^^^ 


Secretary. 
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The  Exhibits, 


In  response  to  the  invitation  issued  in  the  circular  of 
the  Association,  a  very  gratifying  and  a  very  interesting- 
exhibition  of  Water  Works  Appliances  was  held.  The 
corridor  of  the  second  floor  of  the  hotel,  leading  to  the 
parlors,  was  given  up  for  the  use  of  the  Associate  Members 
who  availed  themselves  of  the  privilege  to  occupy  every 
inch  of  the  space.  The  corridor  was  at  all  times  crowded 
and  a  capital  opportunity  was  afforded  for  introducing  any 
novelty  in  machinery  to  the  superintendents.  The  follow- 
ing firms  were  represented  either  by  members  of  the  firm 
or  by  one  or  more  agents,  and  an  unlimited  amount  of  trade 
literature. 

FIBE   HYDBA.NTS    AND   VALVES 

FIRM.  RKPKKSJENTATIVKS. 

Chapman  Valve  Mfg.  Co.,  ludlau  Orchard,  Mass-.W.  R.  Billings 

Ludlow  Valve  Mfg.  Co.,  Troy  N.  Y City  agents 

R.  D.  Wood  &  Co.,  Philadelphia,  Pa Allen  T.  Prentice 

Holly  Mfg.  Co.,  Lockport,  N.  Y Frank  W.  Holly 

Richard  Beaumont,  Kankakee,   111 R.  Beaumont 

Walter  S.  Payne  &  Co.,  Fostoria,  Ohio Agent 

Rouse  &  Hills  Co.,  Cleveland,  Ohio Mr,  Hills 

Galvin  Brass  &  Iron  Works,  Detroit,  Mich Chas.  D.  Lynch 

BRASS   GOODS,   STOP   BOXES,    ETC. 

J.  B.  Clow  &  Sons,  Chicago,  111 Firm 

W   S.  Payne  &  Co.,  Fostoria.  Ohio Agent 

Fred.  Adee  &  Co.,  .Vew  York,  N.  Y Agent 

Rouse  &  Hills  Co.,  Cleveland,  Ohio Mr.  Hills 

Bingham  &  Taylor,  Buffalo,  N.  Y City  Agent 

Ted  Wortley&'Co.,  Kansas  City,  Mo Frank  M.Potter 

A.  W.  Morgan,  Buffalo,  N.  Y A.  W.  Morgan 

H.  Mueller  &  Sons,  Decatur,  111 H.Mueller 

Jarvis  B.  Edson,  New  York,  N.  Y W.  T.  Harris 

OILS, 

E.  H,  Kellogg  &  Co.,  New  York,  N.  Y , C,  H.  Hammond 

METERS. 

H.  R.  Worthington,  New  York,  N.  Y 8.  A,  Welch 

National  Meter  Co.,  New  Yo.k,  N.  Y |  J^?,'  ^  Kelley,  Pres't 

'  '  \  C.  S.  Brown. 

Union  Water  Meter  Co.,  Worcester,  Mass J.  P,  K,  Otis 

Hersey  Meter  Co.,  South  Boston,  Mass J.  A,  Tilden,  Sup't 

FILTERS. 

Oliphant's  Filter,  New  York,  N.  Y Wm.  Oliphant 

Jewell  Pure  Water  Co.,  Chicago R,  H,  Dalzell,  Mgr, 
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CAST  IRON  PIPE,    ETC. 

R.  D.  Wood  &  Co.,  Philadelphia,  Pa A.  T.  Prentice 

Lake  Shore  Foundry,  Cleveland,  Ohio C.  E.  Burke,  8ec'y 

Shickle,  Harrison  &  Howard  Co.,  8t,  Louis,  Mo C.  P.  Allen 

PUMPING  MACHINEBY. 

Holly  Mfg.  Co.,  Lockport,  N.  Y F.  W.  Holly 

H.  R.  Worthington,  New  York.  N.  Y {  J.^R  Maxw^e^r 

Hall  Electric  Pump,  Plainfleld,  N.  J Geo.  H.  Frost 

TECHNICAL   PRESS  REPRESENTED. 

Engineering  News,  New  York.  N.  Y {  ^^Sdltenogr'apher^- 
Eng.  and  Bldg.  Record,  New  York,  N.  Y F.  W.  Skinner,  C  E. 

Fire  and  Water,  New  York,  N.  Y F.  W.  Shepperd 


The  Banquet. 


(Extract  from  the  Cleveland  Daily  Papers.) 

The  crowning  event  of  the  meeting  took  place  last  evening 
in  one  of  the  dining  rooms  of  the  HoUenden.  The  occasion  was 
the  annual  banquet,  and  it  was  graced  by  the  presence  of  several 
ladies,  the  wives  and  friends  of  the  members.  Among  them 
were  :  Mrs.  William  Ryle,  Mrs.  J.  M,  Diveu,  Mrs.  Reuben  Getz, 
Miss  Mima  Ryle,  Mrs.  Amos  Morgan,  Mrs.  B.  F.  Stephens,  Mrs. 
A.  N.  Denmau,  Mrs.  I.  N.  DeWitt,  Mrs.  William  Starkweather 
and  Mrs.  C.  E.  Burke.  At  one  side  of  the  room  hung  a  large 
banner,  on  which  were  the  words  "American  Waterworks 
Association  '-^ 

It  was  9  o'clock  when  the  seventy  ladies  and  gentlemen 
sat  down  to  the  tables,  which  were  arranged  to  form  three 
sides  of  a  square.  The  menu  was  long  and  varied  and  was 
thoroughly  enjoyed.  Mr.  J.  H.  Decker  acted  as  toast  master. 
The  first  toast  was  ''The  City  of  Cleveland,"  response  by  Mayor 
Babcock.  The  Mayor  said  he  was  entirely  taken  by  surprise. 
He  welcomed  the  visitors  and  extended  a  cordial  greeting  and  the 
freedom  of  the  city.  ''Cleveland,"  he  said,  "has  become  noted 
as  a  proper  and  convenient  place  for  holding  conventions,  and 
we  have  hoped  that  this  fact  would  become  more  generally 
known,  and  that  the  feeling  of  hospitality  which  its  citizens 
entertain  would  become  a  recognized  fact  throughout  the  land." 
The  Mayor  thanked  the  association  for  inviting  him  to  speak, 
and  regretted  that  he  was  not  better  prepared. 

"The  Press,"  the  next  toast,  was  responded  to  by  George 
H.  Frost,  of  New  York,  proprietor  of  the  Engineering  A'ew*.  He 
said  he  was  glad  to  meet  so  many  gentlemen  whom  he  knew  by 
reputation. 


173 

THE  PBE8S   OF   CLEVELAND, 

he  thought,  had  given  very  able  reports  of  the  convention,  and 
the  association  had  been  very  handsomely  treated,  particularly 
by  the  papers,  as  compared  with  the  treatment  that  had  been 
received  at  other  places.  His  connection  with  the  press  was  with 
the  technical  journals,  which  make  the  business  and  welfare  of 
science  tneir  especial  study.  He  expressed  a  wish  for  the  pros- 
perity of  the  association,  and  hoped  the  next  meeting  would  be 
better  attended  even  than  the  present  one. 

Colonel  Fanning,  the  past  president,  was  next  called  upon. 
He  acknowledged  the  courtesy  of  Cleveland  in  entertaining  its 
guests. 

Mr.  L.  H.  Gardner  was  the  next  speaker,  and  he  made  a 
few  happy  remarks  upon  things  in  general.  He  said  he  loved 
most,  next  to  eating  and  drinking,  to  hear  men  who  can  talk, 
and  next  to  that,  to  hear  himself  talk.  He  had  a  re\  enge  to 
wreak  upon  mankind,  and  proposed  to  doit  by  making  a  speech. 
He  called  down  imprecations  upon  the  chemists  who  are  con- 
tinually analyzing  water  and  showing  how  impure  it  is. 

The  next  speaker  called  upon  was  H.  W.  Ayres.  but  he 
excused  himself,  and  Mr.  W.  G.  JRichards  was  invited  to  speak. 
His  few  remarks  were  quite  witty  and  evoked  considerable 
laughter.  President- elect  Denman  was  the  next  speaker.  He 
expressed  his  thanks  to  the  members  for  having  elected  him  to 
preside  over  the  association  for  the  coming  year.  He  spoke  of 
the  pleasure  of  occasions  like  the  present.  He  looked  forward 
with  pleasure  to  the  next  meeting. 

Mayor  Babcock  extended  an  invitation  to  the  members  and 
their  ladies  to  pay  a  visit  to-day  to  the  Masonic  Temple  after 
their  return  from  the  tour  of  the  city.  Mr.  Decker  returned 
thanks  to  the  Mayor  in  behalf  of  the  association  for  his  invita- 
tion. Charles  A.  Hague  spoke  briefly,  and  Colonel  J.  W.  Heuion, 
B.  F.  Stephens  and  others  followed. 

Friday  morning  was  most  profitably  and  pleasantly 
spent  in  visiting  the  Lake  Shore  Foundry,  Fairmount 
Eeservoir  and  High  Service  Pumping  Station,  Garfield's 
Monument  and  Tomb,  and  various  other  points  of  interest, 
thus  closing  one  of  the  best  meetings  in  the  history  of  the 
association. 


IN  MEMORIAM. 


WILLIAM  C.  STRIPE, 

CIVIL  ENGINEER,  KEOKUK,  IOWA. 

DIED  FEBRUARY  27,   1888. 

W.  C.  STRIPE  was  bom  in  Woolwich,  England,  .January  ISth,  1812,  and  was 
the  son  of  Wm  Stripe,  a  civil  engineer  of  marked  ability,  ^e  was  educated  in 
Liverpool.  In  184<)  he  came  to  the  United  States  Embarking  on  a  ship  called 
the  John  Taylor,  which  was  wrecked  in  a  severe  storm  off  the  Island  of  Cuba,  he 
with  other  passengers,  were  picked  up  by  another  vessel  and  landed  at  New 
Orleans.  From  there  he  went  to  Fort  Madison,  Iowa,  wh^re  he  embarked  in 
business,  remaining  until  is.il,  when  he  removed  to  Keokuk  He  was  engaged 
in  various  branches  of  business  there  until  the  breaking  out  of  the  war  when  he 
was  appointed  Deputy  U.  S  Kevenue  Collector,  and  retained  the  position  until 
the  office  was  abolished.  He  was  for  several  years  Assistant  Engineer  on  the 
constrnction  of  the  government  caual  at  the  Des  Moines  rapids,  on  the  Missis- 
sippi at  Keokuk,  and  was  in  charge  of  the  most  important  part  of  the  construction . 
He  prepared  the  plans  for  the  water  worss  system  of  Keokuk,  and  personally 
engineered  their  construction  .  and  remained  in  charge  as  Secretary  and  Superin- 
tendent of  the  Company  until  the  works  were  sold  a  short  time  before  his  death 
During  the  winter  of  1S8'!-81  he  conceived  the  idea  of  organizing  an  Association 
of  Water  W  rks  Engineers  and  Superintendents.  After  considerable  corres- 
pondence he  issued  tht;  following  call: 

«.  p.  POND,  PKtSIDKMT.  W     C.  8THIPE,  SEC' Y  4  EXG' R. 

KEOKUK  WATER  WORKS 

Kkokck,  Iowa,  Feb.  1st,  1881. 
Dear  Sir— Having  been  requested  to  take  the  initiative  in  calling  a  Conven- 
tion of  Superintendent-  of  Western  Water  Works,   you  will  confer  a  favor  by 
advising  me  by  return  mail  whether  the  project  meets  your  approval— whether 
you  will  attend,  and  at  what  citv  vou  would  prefer  the  C.>nvention  to  be  held 
"  Respectfully  yours,  W.  C    STRIPE 

This  resulted  in  calling  a  convention  to  meet  at  the  Washington  University, 
St.  Louis,  Mo  ,  March -9th,  ISSl,  and  the  organization  then  and  thereof  Iue 
American  Water  Wokks  Association,  and  justly  entitling  him  to  be  called  the 
"Father  of  the  Association,"  a  title  in  which  he  took  great  pride  He  was  at 
the  organization  elected  First  Vice-President  and  subsequently  re-elected  to  the 
same  position  three  consecutive  times;  his  interest  in  the  Association  never 
abated,  and  he  was  only  deterred  from  attending  its  later  meetings  bytheincreas- 
ing  infirmities  of  age.  He  was  a  man  of  more  than  ordinary  learning,  thoroughly 
versed  in  all  matters  pertaining  to  his  profession  In  all  the  relations  of  life  his 
conduct  was  that  of  uprightness  and  courteous  hnd  honorable  dealing  with  those 
who  had  either  social  or  business  intercourse  with  him  Particularly  genial  and 
social  he  commanded  the  respect  and  love  of  all  who  truly  knew  him,  and  of  none 
more  sincere  than  from  the  writer  and  liis  family. 

He  was  taken  ill  with  Pleuro  Pneumonia  February  17th  and  died  February 
27th,  after  an  illness  of  but  ten  days. 

He  leaves  wife  and  seven  children,  Frederick  H  ,  of  Chicago,  Mrs.  Laura 
Zwart,  of  Des  Moines,  Iowa,  George  M  ,  Assistant  Engineer  Water  Works, 
Keokuk,  Frank  W. ,  Harry  B. ,  Lida,  and  Mary,  to  all  of  whom  this  Association 
tenders  its  most  sincere  and  tender  sympathies,  and  unite  with  them  in  bewailing 
the  loss  of  one  so  near  and  dear,  and  to  whom  we  present  this  small  token  of 
our  esteem. 
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IN  MEMORIAM. 


JOHN  RYLE, 

PRESIDENT  PASSAIC  WATER  CO.,  PATERSON,  N.    J. 

DIED  NOVEMBER  6,   1887. 

JOHN  RYLE  was  born  in  the  village  of  Bollington,  near  Macclesfield,  Eng- 
land, October  22nd,  1817,  and  died  after  a  brief  illness,  of  Apoplexy,  at 
Macclesfield,  England,  where  he  was  visiting  with  his  daughter,  Miss  Jemima, 
November  6th,  1887. 

At  a  very  early  age  he  was  put  to  work  in  a  silk  mill.  His  only  book  learning 
he  received  in  the  Sunday  schools,  where  secular  as  well  as  religious  training 
was  given.  Before  he  reached  the  age  of  twelve  years  he  became  an  orphan;  he, 
however,  remained  in  the  silk  factory,  mastering  the  trade  in  all  its  branches. 

In  March,  1839,  he  sailed  for  America.  After  a  tempestuous  voyage  of  seven 
weeks  he  landed  in  New  York  The  next  year,  1840,  he  took  charge  of  a  silk 
mill  at  Paterson,  N.  J  ,  for  Mr.  George  W.  Murray,  and  established  the  first 
successful  silk  mill  in  this  country.  In  184.3  he  became  a  partner  in  the  concern, 
and  in  1846  bought  out  Mr  Murray's  interest,  becoming  sole  owner.  In  1869  the 
mill  was  burned  to  the  ground,  but  was  rebuilt  in  its  present  form  and  the  Ryle 
Silk  Manufacturing  Co.  organized,  with  John  Ryle  as  President;  this  afterward 
became  the  Pioneer  Silk  Co.  Mr.  Ryle  owning  the  controlling  stock  became  its 
President,  which  oflBce  he  retained  until  his  death.  In  1869  he  was  elected  Mayor 
of  Paterson.  He  was  the  originator  and  builder  of  the  Paterson  Water  Works 
Owning  three-fourths  of  the  stock  he  was  made  President  of  the  Company,  re- 
taining the  position  up  to  the  time  of  his  death  In  1882  he  with  William,  his 
son.  Superintendent  of  the  Water  Works,  became  members  of  this  Association, 
and  those  who  attended  the  Boston  meeting  in  1885  will  not  soon  forget  his  genial 
and  kindly  smiles  In  June,  1887,  he  sailed  for  England,  in  company  with  his 
daughter.  Miss  Mima,  who  is  present  with  us  at  this  meeting.  While  in  Maccles- 
field, on  Sunday  morning,  November  6th,  last,  he  was  seized  with  a  fit  of  Ap- 
oplexy while  dressing  and  expired  within  a  few  minutes.  His  remains  were 
brought  to  this  country  on  the  steamship  Umbria  and  he  was  buried  from  the 
Second  Presbyterian  Church,  Paterson,  N.  J.  Politically  he  was  a  Democrat, 
and  in  religion  an  earnest  and  consistent  PresbyterLah.  At  his  death  he  was  a 
widower,  but  four  sons  and  one  daughter  survive  him,  Reuben,  Superinteu' ' ent 
Pioneer  Silk  Mills,  Allentown,  Pa.,  William,  Superintendent  Water  Co., 
Paterson,  N.  J.,  Peter,  a  lawyer  in  Paterson,  and  Thomas,  Superintendent 
Pioneer  Silk  Mills,  Paterson,  N.  J.,  and  Miss  Jemima,  of  Paterson,  to  all  of 
whom  we  tender  our  fraternal  sympathies  and  mourn  with  them  in  their  sorrow. 
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FINANCIAL  REPORT. 


1887.  I>r.  Cr. 

July  13.    Balance  cash  on  hand $230  00 

"  Andrew  Bergstrom,       Entrance  Fee,  5  00 

W.  A.  Bixbv,  "  "  5  00 

"  C.  S.  Drummond,  "  "  5  00 

"  W.  H.  Getchell,  "  "  5  00 

"  R  M.  Jones,  "  "  5  00 

H.  E.  Keeler,  "  "  5  00 

Chas.  F.  Loweth,  "  "  5  00 

"  Frank  F.  Moody,  "  "  5  00 

"  H.  C.  Parrott.  "  "  5  00 

"       .    R.  C.   Pearsons,  "  "  5  00 

H.  B.  Van  Cleve,  "  "  5  00 

John  Weller,  "  "  5  00 

"  W.  H.  Willard,  "  "  5  00 

Galviu  Brass  &  Iron  Wks,     "  "  10  00 

«'  Th- V.'lker  &  hV  thousm  Bufg.  C.I..  "  *'  10  00 

"  W.  A.  Bixby,  Dues  to  1888,  3  00 

R.  M.  Jones,  "  "  3  00 

H.  C.  Parrott,  "  "  3  00 

'  R.  C  J  earsoiis.  '•  ''  3  00 

"  Th.  \ol;er  i  riih  u-n  Hof?. ''o.  "  "  3  00 

W.  G.  Richard,  "  "  3  00 

"  I.  L.  Lyman,  "  "  3  00 

G.  W.  Pearsons,  "  "  3  00 

C.  N.  Priddy,  '*  "  3  00 

F.  W.  Holly,  "  "  3  00 
"           P.  H.  Linneen,  "  "  3  00 

H.  F.  Gaskell,  "  •'  3  00 

"  Jno.  W.  Troy,  "  "  3  00 

H.  R.  Worthingtou,  "  "  6  00 

"  J.  W.  Heuion,  "  1887,  3  00 

Chas.  Hood,  "  "  3  00 

W.  J.  Miluer,  "  "  3  00 

"  A.  N.  Denman,  "  "  3  00 

«'  J  B.  Clow  &  Sons,  "  "  3  00 

VVm.  Rvle,  "  "  3  00 

JohnRvle,  "  "  3  00 

G.  E.  Beach,  "  "  3  00 
"           H  H.  Harrison.  "  "  3  00 

B.  F.  Jones,  "  "  3  00 

National  Tube  Wks  Co.,      "  "  3  00 

J.  G.  Briggs,  "  "  3  00 

J.  Albert  Mills,  "  "  3  00 

"  Philip  Buehner,  "  "  3  00 

"  R.  D.  Wirt,  "  "  3  00 

"  J.  P.  Donahue,  "  "  3  00 

«'  Thos   H.  Hooper,  "  "  3  00' 

N  Kuhneu,  "  "  3  00. 

PhinehasBall,  "  "  3  00 

"  Union  Water  Meter  Co.,      "  "  3  00 
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July  25. 


July  26. 
July   27. 


July  28. 


1887. 
July  13.    N.  O.  Nelson  Mnfg.  Co.,  Dues  to 

E.  S.  Wills, 
"          Geo.  H.  Chandler, 
"           C.  E.  Gray, 
"          B.  F.  Stephens, 
"          H.  Mueller, 
"          R.  D.  Wood  &  Co., 
"          Jno.  M.  Diven, 
"     '     P.  J.  IS  eagle, 

Wm.  Bowen, 

M.  L.  Holman, 

Alex.  Richmond, 

Dennis  Long  &  Co., 

J.  D.  Cook, 

Cinn  &  Newport  I.  &  P.  Co., 

The  Eddy  Valve  Co  , 

H.  C.  Heermans, 

H.  Birkinbine, 

Davis,  Cresswell  &  Co., 

J.  T.  Fanning, 

D.  C.  Fry, 
A.  J.  Jones, 

Ludlow  Valve  Mfg.  Co., 
The  Ohio  Pipe  Co., 
The  Michigan  Pipe  Co., 
The  Equitable  Meter  Co., 
R.  C.  P.  Coggeahall, 
R.  Holme,  §r., 
R.  Holme,  Jr., 
W.  R.  Billings, 
J.  J.  R.  Croes, 
Newark  Filtering  Co., 

F.  A.  W.  Davis, 
Geo.  F.  Blake  Mfg.  Co., 
Robert  Moore, 
Bingham  &  Taylor, 
L.  H.  Gardner, 
J.  D.  Houston, 
Edwin  Darling, 
Gordon  Maxwell  Co., 
Reading  Iron  Works, 

E.  H.  Kellogg  &  Co., 
Fred  A  dee  &  Co., 
Hays  Mfg.  Co., 
L.  Halsey  Williams, 
Chapman  Valve  Mfg.  Co., 
J.  M.  Randall, 
R.  G.  Elwes, 
Geo.  F.  Swain, 
Geo.  B.  Inman, 
J.  Henry  Brown, 
Ezra  Clark,  -.^.j^S 
H.  W.  Ayres, 

".Abendroth  &  Root, 
"\Z."  ;::;;;;„ Wm.  Ludlow, 
Aug.;;;,2.j  iRobt.  K.  Martin, 


Dr. 


Cr. 


July  29. 


July  30. 


Aug.    1. 


H  e  34rms 


1887, 

$  3  00 

' 

3  00 

' 

3  00 

1 

3  00 

■ 

8  00 

1 

3  00 

( 

3  00 

I 

3  00 

t 

3  00 

1 

3  00 

1 

3  00 

t 

6  00 

( 

3  00 

1 

3  00 

1 

3  00 

1 

3  00 

1 

3  00 

( 

3  00 

1 

3  00 

1 

3  00 

( 

3  00 

( 

3  00 

( 

3  00 

1 

3  00 

( 

3  00 

1 

3  00 

1888, 

6  00 

1887, 

3  00 

( 

3  00 

' 

3  00 

< 

3  00 

' 

3  00 

I 

3  00 

1 

3  00 

( 

3  00 

1 

3  00 

i 

3  00 

t 

3  00 

( 

3  00 

( 

3  00 

( 

3  00 

1 

3  00 

( 

3  00 

( 

3  00 

' 

3  00 

1 

3  00 

( 

3  00 

1888, 

6  00 

1887, 

3  00 

ii 

3  00 

K 

3  00 

1888, 

3  00 

«. 

3  00 

1887, 

3  00 

(( 

3;oo 

-  t 

( 

^  3^00 
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1887. 
Aug.    3. 

Aug.    4. 


Aug.    6. 

•  ( 

Aug.    9. 

(1 

Aug.  10. 

u 

Aug.  15. 

11 

Aug.  16. 

Aug.  17. 

<i 

Aug.  19. 

(I 

Aug.  20. 

(I 

Aug.  25. 

u 

Aug.  27. 

Sept.  1. 
Sept.  7. 
Sept.  13. 

Sept.  15. 
Sept.  19. 

Oct.      1. 

(( 

Oct.  3. 
Oct.  21. 
Oct.  27. 
Oct.  29. 
Nov.  5. 
Nov.  9. 
Nov.  21. 

Nov.  29. 

(I 

Dec.     7. 

Dec.   13. 

(( 

Dec.  15. 
Dec.  21 
Dec.   31. 


1888. 
Jan. 


Jan.      4. 
Jan.      7. 


Dr. 
Dues  to  1887,    $  3  00 
"  "  3  00 

"  "  3  00 

"  "  9  00 


W.  S.  Payne, 

A   F.  Kent,  "  " 

Hardwicke  &  Ware,  "  " 

Frank  Schefold,  "  " 

J.  L,.  Mott  Iron  Works,        "  " 

L.  A.  Taylor,  "  " 

W.  S.  Kiihn, 

A.  W.  Morgan,  "  " 
J.  H.  iMcMinn, 

L.  J.  LeConte,  "  " 

Columbus  W.  W.,  Fees  &  dues  to  '88, 
W.  H.  Marsh,  Agt..  Dues  to  1887, 

Aug.  Schaefter,  "  " 

R.  A.  RobeitMin,  Jr.  ^t;t,      Fees  &  dues  to  '88, 

E.  H.  Brown,  Dues  to  1887, 
Lewis  C  Burnes,  ''  " 
Ripley  &  Bronson,                 "  " 
Shicdc,  Harrison  4  flfward  Ircj  ('■.,          "             " 
J.  A.  Cloud,                             "            " 

B.  M.  Espy,  "  " 
Wm.  H.  Burnham,                "  " 

F.  L.  Fuller,  "  " 
Wm.  B.  Sherman,                  " 
Desmond  Fitzgerald,            "            " 
Chas.  A.  Hague,                     "            " 
John  Martin,                          " 

Wm.  T.  Porter,  "  " 

F.  Wm.  Rffider.  "  " 

Frank  H.  Pond,  " 

W.  G.  Provines, 

T.  S.  Moorhead, 

Jones  &  Laughlin 

Whitney  Conant, 

H.  G.  Holden, 

Jno.  C.  Chase, 

J.  H.  Andrew, 

Jno.  W^  HUl, 

Wm.  B.  Bull, 

H.  S.  McConneU 

Jno.  B.  Quigley, 

M   Joy,  Jr., 

Walter  Watson, 

Chas.  Elliott, 

W.  C.  McConneU, 

W.  W.  Sprague, 

C.  A.  Metheaney, 
Chas.  H.  Nettleton,  Fees  &  dues  to 
M.  T.  Stookey, 
Geo.  W.  Breckeoridge, 


Cr. 


"  1888, 

1887, 

Fees  &  dues  to  '88, 

Dues  to  1887, 


Fees  &  dues  to  '89, 

Dues  t3  1887, 
ti  II 

Fees  &  dues  to  '89, 
II        ii  II 

Dues  to  1887, 
Entrance  Fee, 


R.  M.  Gow, 
Isaac  W   Brooks, 
A.  B.  Gaines, 
Alex.  G.  Cattell, 
Geo,  H.  Robertson, 
W.  H.  Wheeler, 


Dues  to  1887, 
Fees  &  dues  to  '89, 


Entrance  Fee, 


00 
00 
00 

00 
00 
00 


13  00 
3  00 
3  00 
13  00 
3  00 
3  00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


8  00 


3  00 
3  00 
8  00 
8  00 
3  00 
5  00 
8  00 
8  00 
8  00 


6  00 
8  00 
8  00 
8  00 
8  00 
5  00 


Jan. 

19. 

Jan. 

23. 

Jan. 

2o. 

Jan. 

26. 

Jan. 

27. 

ti 

I 

Feb. 

1. 

(1 

Feb. 

11. 

Feb. 

16. 

Feb. 

18. 

Feb. 

22. 
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Jan.      7.    H.  D.  xVood,                       Duea  to  1887,  $  3  00 

Jan.    10.     H.  F.  Dunham,                       "            "  3  00 

"           E.  H.  Keating,                        "         1888,  6  00 

Jan.    13.    H  C.  Hodgkius,        Fees  &  dues  to  89,  8  00 

"           A.  L.  Brown,                  "         "            "  8  00 

"          D.  M.  Clark,                  "        "            "  8  00 

Jan.    16.     A.  R.  Leeds,  "        "  "8  00 

"           Timothy  Woodruff,      "        "            "  8  00 

B.  R.  Morton,                     Dues  to  1888,  3  00 

Henry  C.  Pitney,    Fees  &  dues  to  '89,  8  00 

Howard  Elmer,                  Dues  to  1888,  3  00 

F.  P.  Doyle,             Fees  &  dues  to  '89,  8  00 

Geo.  A.  Ellis,                     Dues  to  1888,  3  00 

P.  M.  Hanley,         Fees  &  dues  to  '89,  8  00 

Sylvanus  Ay  res,  Jr.,    "        "            "  8  00 

Edwin  8hepard,               Entrance  Fee,  5  00 

J.  A.  Polhamius,      Fees  &  dues  to '89  8  00 

J.N.  Chambers,            "        "            "  8  00 

Wm.  Molis,                         Dues  to  1888,  3  00 

Jas.  McWilliams,    Fees  &  dues  to  '89,  8  00 

Donald  F.  Campbell,   "        "            "  8  00 

"           Lake  Shore  Foundry,  "        "            "  13  00 

Feb.  25.    A.  H.  Howland,                 Dues  to  1887,  3  00 

"           H.  M.  Newton,                        "         1888,  3  00 

"          John  Weller,                           "            "  3  CO 

Feb.   27.     Carl  Schou,           on  aec't      "            "  10  00 

"          S.  Bent  Russell,       Fees  &  dues  to  '89,  8  00 

J.  B.  Johnson,                     Dues  to  1887,  3  00 

W.  H.  Messinger     Fees  &  dues  to  '89,  8  00 

Geo.  H.  Utter,               "        "            "  8  00 

Wm.  H.  Watts,            "        "            "  8  00 

Ted  Wortley  &  Co.,           Dues  to  1888,  6  00 

J.  M.  Carson,                           "            "  12  00 

D.  C.  Fry,              on  acc't      "         1889,  5  00 

Y.  Nakajima,  contribution,  5  00 

Sales  Proceedings,  7  90 

"    A.  H.  Denman  Paper,  3  35 

Paid  Porterage  on  Books $          50 

"            "                    "      50 

"    Telegram 1  05 

.    "    Express  charges 50 

"     Postage 4  00 

"    Express  charges 65 

"     Postage 3  00 

"     Collection  of  Checks 25 

"     Telegram 60 

"    Postage 3  00 

"    Collection  of  Checks 15 

"     Postage 20  00 

''    Express  charges 100 

"     Postage 2  00 

"    Express  charges 95 

"     Telegram..*; 50 

"              "    M.  P.  Yocum,  stenographic  rep't  47  55 

Dec.  14.        "    Express  charges 85 


Mar. 

9. 

Mar. 

16. 

Mar. 

19. 

(t 

(( 

Mar. 

27. 

Apr. 

2. 

Apr. 

11. 

it 

1887. 

July 

13. 

July 

17. 

II 

July 

22. 

July 

29. 

Aug. 

1. 

Aug. 

10. 

Sept. 

10. 

Sept. 

19. 

Oct. 

5. 

Nov. 

3. 

i< 

Nov. 

9. 

Nov. 

12. 

Nov. 

26. 
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Jan.    10.  Paid  Standard  Ptg.  Co. ,  ProecediBps,  etc 

Jan.    25.  "     Postage 

Jan.    28.  "     Telegram 

Feb.   14.  "     Postage 

Mar.  10.  "     Drayage 

Mar.  12.  "     R.  R.  Rate  Circulars 

Mar,  16.  "        "        "              "        

"  "     Express  charges 

"  "     Telegram 

Mar.  20.  "              "        

"  "     Postage 

Mar.  26.  "    Express  charges 

"  "    Telegram 

Mar,  30.  "     Postage 

Apr.    3.  "            "       

Apr.  11.  "  Standard  Ptg.  Co.,  NoiiM,  Ban{re(..&f... 

Apr.  17.  "  J.  T.  Fanning,  Pres  ,  Priotin^  i  Postase. 

"  "     J.  H.  Decker,  Salary 

Balance  Cash  on  hand 


Cr. 

283  30 

1  00 

50 

2  00 

25 

3  00 

1  50 

25 

50 

40 

2  00 

45 

50 

14  00 

2  00 

40  10 

234  99 

250  00 

171  55 

$1095  25  $1095  25 
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LIST  OF  MEMBERS. 


HONORARY. 

Y.  Nakajima,  Imperial  University Tokio,  Japan 

ACTIVE. 

Allen,  Chas.  P.,  Engineer  Waterworks Denver,  Col 

Andrew,  Jas.  H.,  Sup't  Waterworks Central  Falls,  R.  I 

Archer,  James,  Water  Co Denver,  Col 

Ayres,  H.  W.,  C.  E.  Waterworks Hartford,  Conn 

Ayres,  Sylvanus  Jr.,  Manager  Waterworks Bound  Brook,  N.  J 

Babcock,  S.  E.,  C  E,  Waterworks Little  Falls,  N.  Y 

Ball,  Phinehas,  Hydraulic  Engineer Worcester,  Mass 

Beach,  G.  E.,  Hydraulic  Engineer Minneapolis,  Minn 

Bement,  R.  C.  B.,  Chief  Eug.  Duluth  Water  Co St.  Paul,  Minn 

Benzenburg,  G.  H.,  Chief  Eng.  Water  Dep't Milwaukee,  Wis 

Bergstrom,  Andrew,  Mech.  Eng.  Water w'ks..Minneapolis,  Minn 

Birkinbine,  Harry  C.  E.  Waterworks  Council  Bluffs,  la 

Bixby,  Walter  A.,  Superintendent  Waterworks Galena,  111 

Bond,  Joseph  A.,  Chief  Eng.  Water  Dep't Wilmington,  Del 

Bowen,  Wm.,  Superintendent  Waterworks Oskaloosa,  la 

Breckenridge,  G.  W.,  President  Water  Co San  Antonio,  Tex 

Briggs,  J.  G.,  with  J.  B.  Clow  &  Sons Chicago,  111 

Brooks,  Isaac  W.,  President  Water  Co Torrington,  Conn 

Browere,  Edward  A.,  M.  E.  Waterworks Catskill,  N.  Y 

Brown,  A.  L.,  M.  E.  Waterworks Salem,  Oregon 

Brown,  Calvin  S.,  with  National  Meter  Co New  York,  N.  Y 

Brown,  E.  H Grass  Valley,  Cal 

Brown,  Geo.  W.,  Superintendent  Waterworks Longmont,  Col 

Brown,  J.  Henry,  Sup't  Mystic  Div.  Water  Dep't... .Boston,  Mass 

Brush,  Chas.  B.,  C.  E.  and  Sup't  Waterworks Hoboken,  N.  J 

Buehner,  Phillip,  Waterworks  Contractor Portland,  Oregon 

Bull,  Wm.  B.,  Superintendent  Waterworks Quincy,  III 

Burnes,  L.  C,  Secretary  Water  Co St.  Joseph,  Mo 

Cameron,  W.  L.,  Sec'y  and  Supt.  Waterworks Memphis,  Teuu 

Campbell,  D.  F.,  Sup't  Water  Co Traverse  City,  Mich 

Carson,  J,  M.,  C.  E.  and  Sup't  Waterworks Danville,  111 

Cassin,  Isaac  S.,  HydrauUc  Engineer Philadelphia,  Pa 

Cattell,  Alex.  G.,  President  Water  Co Merchantville,  N.  J 

Caulfield,  John,  Secretary  Water  Board....". St.  Paul,  Minn 

Chambers,  J.  N.,  M  E.  Waterworks Birmingham,  Ala 

Chandler,  Geo.  H.,  Engineer  Waterworks Kalamazoo,  Mich 

Chase.  John  C,  C.  E.  and  Sup't  Waterw'ks Wilmington,  N.  C 

Chipman,  Willis,  Chief  Engineer  Water  Co Brockville,  Ont 

Clark,  D.  M.,  Sec'y  and  Treas.  Water  Co Elyria,  Ohio 

Clark,  Ezra,  Pres't  and  Supt.  Water  Commission. ..Hartford,  Conn 

Cloud,  J.  A.,  Constructing  Engineer Jacksonville,  FJa 

Coggeshall,  R.  C.  P.,  Sup't  Waterworks New  Bedford.  Mass 

Conant,  Whitney,  Secretary  Water  Co liong  Branch,  N.  J 

Cook,  J.  D.,  Consulting  Engineer Toledo,  Ohio 

Cook,  Edward  C,  Constructing  Engineer Tiffin,  Ohio 
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Croes,  J.  J.  R.,  Consultiug  Engineer New  York,  N.  Y 

Darling,  Edwin,  Superintendent  Water  works...  Pawtucket,  R  I 
Davis,  F.  A.  W.,  V.-Pres.  and  Treas.  Water  Co.. .Indianapolis,  Ind 

Decker,  J.  H.,  Engineer  and  Supt.  Water  Co Winfield,  Kas 

Denman.  A.  N.,  Secretary  Water  Co DesMolnes,  la 

Diven,  J.  M.,  Sec'y  and  Treas.  Water  Co Elmira,  N.  Y 

Donahue,  Jas.  P.,  Vice-Pres.  and  Supt.  Water  Co... Davenport,  la 

Doyle,  F.  P.,  Sec'y  and  Sup't  Water  Co -•    Petaluma,  Cal 

Drummond,  C.  S.,  Director  Water  Co Winnipeg,  Can 

Dunbar,  E.  L.,  Sec'y  and  Sup't  Waterworks Bay  City,  Mich 

Dunham,  H.  F.,  Consulting  Engineer Cleveland,  Ohio 

Eaton,  Frederick,  Consulting  Engineer Los  Angelos,  Cal 

Elliott,  Chas.,  City  Superintendent  Water  Co...SanFrancisco,  Cal 

Ellis,  Geo.  A.,  Civil  Engineer Boston,  Mass 

Elmer.  Howard,  Pres't  Sayre,  Pa.,  Water  Co Waverly,  N.  Y 

Elwes,  R.  Gervase,  Civil  and  Consulting  Engineer. .London,  Eng 

Espy,  B.  M.,  Sec'y  and  Treas.    Waterworks Wilkesbarre,  Pa 

Fanning,  J.  T.,  Civil  and  Consulting  Eng Minneapolis,  Minn 

Fisher,  Wm  ,  Sup't  Waterworks Marshalltown,  la 

Fitzgerald,  Desmond,  C.  E.  and  Sup't  Water  Dep't.. Boston,  Mass 

Fritchman,  W.  H.,  Sup't  Water  Co Stevens  Point,  Wis 

Frost,  E.  W.,  Sup't   Waterworks Colorado  Springs,  Col 

Fry,  D.  C.  Sup't  Waterworks ..Jacksonville,  Ills 

Fuller,  F.  L.,  Constructing  Engineer Boston,  Mass 

Gaines,  A.  B..  President  Water  Co Hot  Springs,  Ark 

Gardner,  L.  H  ,  Superintendent  Water  Co New  Orleans,  La 

Gerecke,  F.  W.,  Chief  Eng.  Water  Dep't Chicago,  111 

Getchell,  W,  H.,  Sec'y  Fairbault  Water  Co Minneapolis,  Minn 

Glover,  A.  S.,  Water  Registrar Newton,  Mass. 

Godard,  A.  A.,  President  Water  Co Clay  Centre.  Kas 

Gow,  R.  M.,  Superintendent  Waterworks Medford,  Mass 

Hague,  C.  A.,  Mec.  Eng.  with  H.  R.Worthington..New  York,  N.  Y 

Hamilton,  W.  S.,  Sup't  Waterworks Youngstown,  Ohio 

Hanley,  P.  M.,  Superintendent  Waterworks Fort  Madison,  la 

Hanna,  J.  L.,  Prest.  and  Manager  Water  Co Franklin,  Pa 

Hannah,  Jos.  E.,  Eng.  and  Sup't  Waterworks Winnipeg,  Can 

Harlow,  Geo.  R.,  Constructing  Engineer Pittsburg,  Pa 

Harper,  Louis,  Sup't  of  Construction Rapid  City,  Dak 

Harris,  S.  W.,  M.  E.  Waterworks Racine,  Wis 

Harris,  W,  T.,  Sec'y  and  Treas.  Water  Co Jackson,  Tenn 

Harrison,  H.  H.  Sup't  Waterworks Stillwater,  Minn 

Heermans.  H.  C.  Sup't  Waterworks Corning,  N.  Y 

Hely,  John  P.,  Civil  and  Hydraulic  Engineer St.  Louis,  Mo 

Henion,  J.W., Minneapolis,  Minn 

Henderson,  Wilson,  Sup't  Waterworks Peterborough,  Ont 

Hering,  Rudolph New  York,  N.  Y 

Hill,  John  W.,  Mech.  Eng Cincinnati,  Ohio 

Hodgkins,  H.  C,  Contracting  Engineer Watertown,  N.  Y 

Holden,  H.  G.,  Sup't  Waterworks Nashua,  N.  H 

Holland,  D.  L.,  M.  E Saratoga  Springs,  N.  Y 

Holly,  Frank  W.,  Mechanical  Engineer Lockport,  N.  Y 

Holman,  M.  L.,  Water  Commissioner St.  Louis,  Mo 

Holme,  Richard,  Sec'y  and  Sup't  Water  Co Denver,  Col 

Holme,  Richard,  Jr.,  Cashier  Water  Co Denver,  Col 

Hood,  Chas.,  Superintendent  Waterworks Burlington,  la 

Hooper,  Thos.  N.,  Chief  Engineer  Waterworks Davenport,  la 

Hornung,  Geo,,  Civil  Engineer Newport,  Ky 
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Howland,  A.  H.,  Constructing  Engineer Boston,  Mass 

Ininau,  Geo.  B,,  Contracting  Engineer New  York,  N.  Y 

Johnson.  J.  B  ,  Prof.  Civil  Eng.  Washington  Univ. ..St.  Louis,  Mo 

Jones,  A.  J New  Brunswick,  N.  J 

Jones,  B.  F.,  Sup't  Water  Co Kansas  City,  Mo 

Jones,  J.  I  ....  Kansas  City,  Mo 

Jones,  R.  M..  Manager  Waterworks .....Wyandotte,  Kas 

Joy,  Moses,  Jr.,  President  Water  Co.. Petersburg,  Va 

Judson.  Chas.  A.,  8np't  Waterworks Sandusliy,  Ohio 

Keating,  E.  H.,  City  Engineer Halifax,  Nova  Scotia 

Keeler,  H.  E.,  Director  Charleston,  III.,  Water  Co   ...Chicago,  111 

Kent,  A.  E..  Pres't  and  Sup't  Water  Co Jamestown,  N  Y 

Kuhn,  W.  S.,  Contracting  Engineer McKeesport,  Pa 

Kuhnen,  N.,  Pres't  Water  Co Davenport,  la 

Lakiu,  John  T.,  Sup't  Waterworks Rockford,  111 

Lelonte,  L.  J.,  Civil  and  Consulting  Engineer Oakland,  Cal 

Leeds,  Albert  R.,  Consulting  Chemist Hoboken,  N.  J 

Linneen,  P.  H.,  Mechanical  Engineer Loekport,  N.  Y 

Loweth,  Chas.  F..  Civil  Engineer St.  Paul,  Minn 

Ludlow,  Wm.,  C.  E Philadelphia,  Pa 

Lyman,  I.  L.,  Comm'r  and  Sup't  Waterworks Lincoln,  Neb 

McCanue,  D.  J  ,  Sup't  Waterworks Gunnison,  Col 

McClary,  W.  F.,  Sup't  Waterworks Mt.  Pleasant,  la 

McConnell,  H.  S.,  Sec'y  Water  Co New  Brighton,  Pa 

McConnell,  W.  C,  Pres't  Water  Co Shamokiu,  Pa 

McElroy,  Samuel,  Civil  Engineer Brooklyn,  N.  Y 

McMinn,  J.  H.,  Sup't  Waterworks Williamsport,  Pa 

Me  Williams,  James,  Sup't  Water  Co Seattle,  Wash.  Ter 

Manning,  Chas.  F.,  Sup't  Waterworks Hagerstown,  Md 

Martin,  John,  Engineer  Waterworks. ...St.  Johns,  Newfoundland 
Martin,  Robert  K  ,  t:hief  Engineer  Water  Dep't... Baltimore,  Md 

Martine,  A.  H.  Eng.  and  Sup't  Waterworks Knoxville,  Teun 

Maxwell,  J.  P.,  (^ivil  Engineer : Boulder,  Col 

Messinger,  W.  H.,  Chief  Engineer  Water  Co Lynn,  Mass 

Metheany,  C.  A  ,  Sec'y  and  Sup't  Water  Co Lima,  Ohio 

Mills,  J.  Albert,  Sup't  Waterworks St.  Catherines,  Ont 

Mills,  Wm.  B.,   Pres't  Water  Co Denver,  Col 

Milne,  Peter,  Jr.,  Consulting  Engineer New  York,  N.  Y 

Milner,  W.  J.,  Sec'y  and  Sup't  Waterworks Birmingham,  Ala 

Molis,  Wm.,  Sup't   Waterworks Muscatine,  la 

Moody,  Frank  F.,  Registrar  Water  Dept Minneapolis,  Minn 

Moore,  A.  G.,  Engineer  and  Sup't  Water  Dep't Cincinnati,  O 

Moore,  D.  F.,  Sup't  Waterworks Phcenixville,  Pa 

Moore,  Robert,  Civil  Engineer St.  Louis,  Mo 

Moorhead,  T.  S.,  Civil  and  Hydraulic  Engineer Arcadia,  Fla 

Morley,  Philip,  Sup't  Water  Co East  Liverpool,  Ohio 

Morse,  C.  W.,  Sup't  Waterworks Haverhill,  Mass 

Morton,  B.  R.,  ('.  E.  and  Sup't  Waterworks Newport,  Ky 

Murdock,  Gilbert,  C.  E.  and  Sup't  Waterworks. ..St.  Johns,  N.  B 

Neagle,  P.  J.,  Sup't  Waterworks Elmira,  N.  Y 

Nelttleton,  C.  H.,  Agent  Water  Co Birmingham,  Conn 

Nevillf*,  Thos.  J.,  Water  Ilegistrar Rochester,  N.  Y 

Newton,  H.M.,  Sec'y  and  Sup't  Waterworks-East  Saginaw,  Mich 

Noyes,  A.  F.,  Chief  Engineer  Waterworks ..Newton,  Mass 

Parrott,  H.  C,  Mechanical  Engineer Loekport,  N.  Y 

Pearsons,  G.  W.,  Civil  EIngineer Kansas  City,  Mo 

Pearsons,  R.  C,  M.  E Kansas  City,  Mo 
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Perkins,  P.  B.,  Contracting  Engineer Springfield,  Mo 

Perry,  Wm.  Jr  ,  Coustructing  Engineer Montreal,  Quebec 

Phipps,  E.  H.,  iSup't  vv  aterworks West  Haven,  Conn 

Pitney,  H.  C,  Pres't  Aqueduct  Co Morristown,  N.  J 

Poltiamius,  J.  A.,  Pres't  Water  Co Texarkana,  Texas 

Pond,  F  H.,  Mechanical  Engineer St.  Louis,  Mo 

Porter,  Wm.  T.,  Pres't  Board. Water  Com'rs Wilmington,  Del 

Price.  Chas.  G.,  Casliier  for  Water  Co Hannibal,  Mo 

Priddy,  Chas.  N.,  Sec'y  and  Sup't  Waterworks Leadville,  Col 

Quigley.  J.  B.,  Pres't  Water  Co Sedalia,  Mo 

Rseder,  F.  Wm.,  Consulting  Engineer St.  Louis,  Mo 

Handell,  J.  M.,  Sup't  Waterworks East  Orange,  X.  J 

Richards,  W.  G.,  Sup't  Waterworks Atlanta,  Ga 

Richmond,  Alex.,  Sup't  Street  Dep't  Waterworks. ..Raliegh.  N.  C 

Rinker,  Andrew,  City  Engineer   Minneapolis,  Minn 

Robertson,  Geo.  H.,  Sup't  Waterworks Yarmouth,  N.  S 

Robinson,  Geo.  W.,  Director  of  Water  Co Winfield,  Kas 

Russell,  S.  Bent,  .Ass'tEng.  Water  Dep't St.  Louis,  Mo 

Ryle,  Wm.,  Superinlendet  Water  Co Paterson,  N.  J 

Sawyer,  J.  T.,  President  Water  Co Waverly,  N.  Y 

Schfefer.  August,  Sup't  Waterworks Maysville,  Ky 

Schefold,  Fiank,  Sup't  Waterworks New  Albany,  Ind 

shepard,  Edwin,  Manager  Water  Co Seattle,  Wash.  Ter 

Sheppard,  F.  W.,  "Fire  and  Water" New  York,  X.  Y 

Schon.  Carl,  Civil  Engineer Toledo,  Ohio 

Searles,  W.  H.,  Civil  and  Consulting  Engineer. ..Cleveland,  Ohio 

Sekell,  A.  C,  Consulting  Engineer Grand  Rapids,  Mich 

Sherman,  W.  B.,  Mechanical  Engineer..  Providence,  R.  I 

Shields,  Geo.  A.,  Superintendent  Waterworks ..Pueblo,  Col 

Smith,  Herbert  L.,  Sup't  Waterworks Norfolk,  Va 

Snow,  Eugene  J.,  Constructing  Engineer Brooklyn,  N.  Y 

Sprague,  W.  W..  Chief  Eng    Waterworks Town  of  Lake,  111 

Stauffer,  D.  Mc.  N.,  C.  E..  Ed.  "Eng.  News" New  York,  N.  Y 

Stephens,  Benj.  F.,  Constructing  Engineer Flatbush,  X.  Y' 

Stevens,  G.  C Jeffersonville,  Ind 

Stookey,  Matt,  Gen.  Mgr.  Waterworks Belleville,  111 

Swain,"Geo.  F.,  Prof.  C.  E.  Mass  lust,  of  Tech.. Boston,  Mass 

Tayler,  John  W.,  Sup't  Waterworks Newcastle,  Pa 

Taylor,  L   A.,  Constructing  Engineer Boston,  Mass 

Trov,  John  W.,  Superiuteudent  Waterworks Pierre,  Dak 

Tod'^d,  John  R.,  Registrar  Water  Dep't Norfolk,  Va 

Tomlinson,  Samuel,  Dep.  Ex. "Eng   Waterw'ks Bombay,  India 

Tubbs,  J.  Nelson,  Chief  Eng.  Waterworks Roche-'ter,  N.  Y 

Utter,  Geo.  H.,  Pres't  Water  Co Silver  City,  N.  M 

VanCleve,  H  S.,  Dir.  Pierre.  Dak.,  Water  Co.. Minneapolis,  Minn 

Wadsworth,  A.  R,  Sup't  Waterworks Farmington,  Conn 

Walker,  J.  S.,  Chief  Engineer  Waterworks Birmingham.  Ala 

Walsh,  Matt,  Sup't  Waterworks Minneapolis,  Minn 

Waltz,  Jos.  E.,  City  Engineer Dayton,  Ohio 

Waters,  James,  Chief  Eng.  Waterworks Minneapolis,  Minn 

Watson,  Walter,  Civil  Engineer Pittsfleld,  Mass 

Watts,  W.  H.,  Sup't  Waterworks El  Paso,  Texas 

Watts,  Sylvester,  Contractmg  Engineer St.  Louis,  Mo 

Weller,  John;  Inspector  Waterworks East  Saginaw,  Mich 

Wheeler,  W.  H.,  Sup't  Waterworks Beloit,  Wis 

Willard,  W.  H.,  Sup't  Waterworks Eau  Claire,  Wis 

Williams,  L.  H.,  Sec.  &  Treas  New  Castle  Water  Co.. -Pittsburg,  Pa 
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Wills,  E.  S.,  Superintendent  Water  Co Atchison,  Kas 

Wiltsie,  Myron,  Engineer  of  Construction Rapid  City,  Dak 

Wing,  Fred,  Cashier  for  Water  Co Kansas  City,  Mo 

Wingfield,  N..  Chief  Eng.  Waterworks Chattanooga.  Tenn 

Wirt,  R.  D.,  Superintendent  Waterworks Independence,  Mo 

Wood,  H.  D.,  Sec.  and  Treas.  Hannibal  Water  Co. ..St  Louis,  Mo 

Woodruff,  Timothy,  Sup't  Waterworks Bridgeton,  N.  J. 

Young,  John,  Civil  Engineer .....Geneseo,  N.  Y 

ASSOCIATE. 

Adee.  Fred  &  Co.,  No.  52  Cliff  st New  York,  N.  Y 

Addyston  Pipe  &  Steel  Co Cincinnati,  Ohio 

Beaumont,  Richard Kankakee,  111 

Bingham  «fc  Taylor,  Clinton  «&  Jackson  sts Buffalo,  N.  Y 

Blake,  Geo.  F.,  Mfg.  Co.,  Nos.  95-99  Liberty  st...New  York,  N.  Y 

Chapman  Valve  Mfg.  Co .'Indian  Orchard,  Mass 

Chattanooga  Foundry  &  Pipe  Works : Chattanooga,  Tenn 

Clow,  J.  B.  &  Sons,  Lake  and  Franklin  sts Chicago,  111 

Columbus  Water  Works Columbus,  Ohio 

Connelly,  P.,  No.  351  Adams  st Brooklyn,  N.  Y 

Davidson  Steam  Pump  Co.,  No.  41-51  Keap  st Brooklyn,  N.  Y 

Dean  Steam  Pump  Co Holyoke,  Mass 

Eddy  Valve  Mfg.  Co Waterford,  N.  Y 

Edson,  Jarvis  B.,  No.  91  Liberty  st New  York,  N.  Y 

Equitable  Water  Meter  Co.,  No.  36  India  Wharf.....  Bos  ton.  Mass 

Galvin  Brass  and  Iron  Works Detroit,  Mich 

Gaskell,  H.  F.,  Holly  Mfg.  Co Lockport,  N.  Y 

Gordon  Maxwell  Co.. Hamilton,  Ohio 

Hall  Electric  Pump  Co Plainfield,  N.  J 

Hardwicke  &  Ware Buffalo,  N.  Y 

Hays  Mfg.  Co Erie,  Pa 

Hersey  Meter  Co Boston,  Mass 

Jewell  Pure  Water  Co.,  Lake  and  Franklin  sts Chicago,  111 

Jones  &  Laughlins,  No.  28  West  Lake  st Chicago,  111 

Kellogg,  E.  H.  &  Co.,  No.  243  South  st New  York,  N.  Y 

Kupferle.  John  C St.  Louis,  Mo 

Lake  Shore  Foundry Cleveland,  Ohio 

Long,  Dennis  &  (Jo Louisville,  Kv 

Ludlow  Valve  Mfg.  Co Troy,  N.  Y 

McNeil,  A.  H Burlington,  N.  J 

Marsh,  W.  H.,  Man.  Tuerk  Hydraulic  Power  Co..New  York,  N.  Y 

Michellon,  J.  P Camden,  N.  J 

Michigan  Pipe  Co Bay  City,  Mich 

Morgan,  A.  W.,  No.  11  Forest  Ave Buffalo,  N.  Y 

Mott,  J.  L.,  Iron  Works,  No.  88  &  90  Beekman  st..New  York,  N.  Y 

Mueller,  H Decatur.  Ill 

National  Meter  Co.,  No.  252  Broadv/ay New  York,  N.  Y 

National  Tube  Works  Co McKeesport,  Pa 

Nelson,  N.  O.,  Mig.  Co.,  8th  and  St.  Charles  sts St.  Louis,  Mo 

Newark  Filtering  Co.,  Tribune  Building New  York,  N.  Y 

Ohio  Pipe  Co Columbus,  Ohio 

Oliphant,  Wm , Jersey  City,  N.  J 

Payne,  W.  S Fostoria,  Ohio 

Reading  Iron  Works,  Nos  16  and  18  North  5th  st.-Philadelphia,  Pa 

Reliance  Oil  &  Grease  Co Cleveland,  Ohio 

Richards,  H.  De  C Jersey  City,  N.  J 
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Ripley  &  Bronson,  Nos.  907-911  North  Main  st St.  Louis,  Mo 

Robertson,  R.  A.  Jr.,  Agent Providence,  R.  I 

Rouse  &  Hills  Co Cleveland,  Ohio 

ShickJe,  Harrison  &  Howard  Iron  Co St.  Louis,  Mo 

Strang,  Samuel  A.,  No.  30  Pine  st Nevr  York,  N.  Y 

Union  Water  Meter  Co Worcester,  Mass 

Volker  &  Felthousen  Mfg  Co Buffalo,  N.  Y 

Wood,  R.  D.  &  Co.,  No.  400  Chestnut  st Philadelphia.  Pa 

Worthington,  H.  R.,  Nos.  86  and  88  Liberty  st...New  York,  N.  Y 
Wortley,  Ted  &  Co Kansas  City,  Mo 
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"Report  of  the  Proceedings 

OF  THE 

Ninth  Annual  Meeting 

OF    THE 

AMERICAN  Water  Works 

ASSOCIATION. 

At  Louisville.  Kentucky. 

Morning  Session,  Tuesday,  April  i6,   1889. 

The  meeting  was  called  to  order  in  the  parlors  of  the  Gait 
House  at  10:30  o'clock,  by  the  President,  A.  N.  Denman, 
Esq., 

Mr.  Reinecke  of  Louisville:  Mr  .President  and  gentlemen 
of  the  American  Water  Works  Association,  I  desire  to  intro- 
duce to  you  the  Mayor  of  the  city  of  Louisville,  Hon.  Chas. 
D.  Jacob,  who  desires  to  extend  to  you  that  welcome  in  behalf 
of  the  City  of  Louisville  which  belongs  to  you  as  visitors  to 
our  city,  and  I  am  satisfied  that  there  will  be  but  one  regret 
in  his  address,  and  that  is  this:  that  he  is  not  also  our  jailor 
that  he  might  lock  you  up  and  keep,  you  here. 

Mr.  Jacob:  Mr.  President  and  gentlemen  of  the  Associa- 
tion: Having  heard  accidentally  this  morning  while  at 
breakfast  one  of  your  number  remark  that  he  thought  he 
would  take  a  nap  to-day  "so  as  to  be  ready  for  them  to-night" 
I  recognized  the  fact,  without  knowing  exactly  what  he  did 
mean,  that  you  are  a  lot  of  business  men  assembled  together 
for  the  purpose  of  discussing  in  a  limited  time  matters  of 
importance  and  interest  to  yourselves,  and  I  shall  not  detain 
you  longer  than  to  say  to  you  that  it  gives  me  very  great 
pleasure  to  greet  and  welcome  you  to  the  city  of  Louisville, 
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where,  if  your  local  authorities  are  not  able  to  do  all  our 
friend  Mr.  Reinecke  would  desire,  I  will  add  that  the  whole 
power  of  this  tremendous  municipal  government  shall  be  at 
their  back  to  sustain  them  in  their  efforts  to  see  that  nothing 
shall  be  left  undone  to  contribute  to  your  happiness  and 
comfort.  I  am  glad  to  meet  you  Mr.  President  and  gentle- 
men of  the  association,      (applause). 

Thk  I'kEsiDENr: — In  behalf  of  the  association  I  desire  to 
express  to  you,  Mr.  Mayor,  our  sense  of  obligation  for  your 
kindness  and  for  the  hospitality  which  it  is  evident  we  are  to 
meet  with  at  the  very  outset  of  our  proceedings.  We  shall 
remember  you  with  grateful  hearts.  The  association  will 
now  proceed  with  the  regular  order  of  business.  The  first 
business  in  order  is  the  calling  of  the  roll. 

L'pon  the  call  of  the  roll  by  the  Secretary,  the  following 
members  respond. 

ACTIVE. 

Ayi-es.  H.  W Hartford.  Conn. 

Bond.  Joseph   A. • Wilmington.  Del. 

Briggs.  J.  G Indianapolis.  Ind. 

Brown.  Calvin  S .  .  .' Toledo.  Ohio. 

Bull.  \Vm.  B Quincy,  111. 

Cameron.  Win.  L Memphis.  Tenn. 

Darling.  Edwin Pawtucket,  R.  I. 

Decker.  J.  H Salina,  Kas. 

Denman.  A.  N Des  Moines.  la. 

Diven.  J.  M Elmira,  N     II 

Donahue.  James  P Davenport.  la. 

Gardner.  L.  H New  Orleans.  La. 

Hamilton.  W.  S Youngstown,  Ohio. 

Harris.  W.  T Jackson.  Tenn. 

Heniou.  Jno.  W Minneapolis,  Minn. 

Holden.  H.  G Nashua,  N.  Y. 

Hood.  Charles Burlington,  la. 

Hnrnung.  Geo Cincinnati.  Ohio. 

Johnson.  Prof.    J.  B St.  Louis,  Mo. 

Jcmes.  B.  F Kansas  City,  Mo. 

Jones.  R.  M •. Kansas  City.  Kans. 

Keeler.  H.  E Chicago.  111. 

Kent.  A.  F Jamestown,  N.  Y. 

Linneen.  P.  H Chicago,  111. 

.Martine.  A.  H Knox  ville.  Tenn. 

Milner.  W.  J .  .  Birmingham.  Ala. 

Molis.  Wm Muscatine,  la. 

M  )ujeau.  C Cincinnati,  Ohio. 

Moore.  A.  G Cincinnati,  Ohio. 

Morley.  Philip East  Liverpool,  Ohio. 

Morton.  B.  R Newport.  Ky . 

Priddy.  Chas.  N Leadville.  Colo 

Rever.  Geo Nashville.  Tenn 


Richards,  W.  G Atlanta,  Ga" 

Russell,  S.  B St.  Louis,  Mo' 

Ryle,  Wm Paterson,  N.  J- 

SchaefiFer,  August Maysville,  Ky. 

Schefold,  Frank ; .  .  .  New  Albany,  Ind- 

Sheppard,  F.  W New  York.  N.  Y. 

Stookey.  M.  T Belleville,  111- 

Taylor,  Jno.  W New  Castle,  Pa. 

Walker,  J.  S .Birminghar^,  Ala. 

ASSOCIATE. 

Addyston  Pipe  &  Steel  Co Cincinnati,  Ohio. 

Chapman  Valve  Mfg.  Co Boston.  Mass. 

Clow,  J.  B.  &  Sons Chicago,  111. 

Columbus  Water  Co Columbus,  Ohio. 

Deane  Steam  Pump  Co Holyoke,  Mass. 

Galvin    Brass   <fe  Iron   Works Detroit,  Mich. 

Hall  Electric  Pump  Co Plainfield,  N.  J. 

Hersey  Meter  Co New  York,  N .  Y. 

Holly  Mfg.  Co Lockport,  N.  Y. 

Jewell  Pure  Water  Co Chicago,  111. 

Kellogg,  E.  H.  &  Co New  York,  N.  Y. 

Long,  Dennis  <fe  Co Louisville,  Ky. 

Ludlow  Valve  Mfg.  Co Troy,  N.  Y. 

Morgan,  A.  W.  Mfg.  Co Buffalo,    N.    Y, 

Mueller,  H Decatur,  111. 

National  Meter  Co New  York,  N.  Y. 

National  1  ube  Works  Co McKeesport,  Pa. 

Newark  Filtering  Co New  York,  N.  Y. 

Oliphant,  Wm New  York,  N.  Y. 

Rouse  &  Hills  Co Cleveland,  Ohio. 

Shickle  Harrison  &  Howard  Iron  and  Steel  Co St.  Louis,  Mo. 

Tuerk  Hydraulic  Power  Co Chicago  <fe  New  York; 

Union  Water  Meter  Co Worcester,  Mass. 

Wood,  R.  D.  <fe  Co ..Philadelphia.  Pa. 

Worthington,  H.  R New  York,  N.  Y. 

The  President: — Mr.  A.  F.  Callahan  of  the  firm  of  Den- 
nis Long  &  Co.,  desires  to  communicate  with  you  on  a  matter 
of  vital  interest,  and  we  will  make  way  for  him  now. 

Mr.  Callahan: — Mr.  President  and  gentlemen  of  the  asso- 
ciation, I  shall  only  take  up  enough  of  your  time  t(j  tender  a 
couple  of  invitations  to  the  associations.  .The  first  is  from  the 
Louisville  Water  Company  through  its  chief  engineer,  Mr. 
Hermany  which  reads: 

OFFICE  OF 

LOUISVILLE  WATER  COMPANY. 

Louisville,  Kt..  Apr.  16th.  188f5. 

To  THE  A  VIERICAN  WatEB  WoEKS  ASSOCIATION, 

Gait  House,  City. 
Gentlemen :^-The  Louisville  Water  Company    extends  a    cor- 
ilial  invitation  to  the  members  of  the  abOTe  Association,  now  assembled 
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in  convention,  to  visit  the  Reservoir  and  Pumping  Station    belonging 
to  the  system  of  water  supply  of  the  City  of  Louisville. 

To  accomplish  this  purpose,  a  passenger  train  will  leave  from  the 
First  &  Water  Streets'  Depot  at  two  o'clock  P.  M.  Thursday,  the  18th. 
inst.,  to  visit  Crescent  Hill  Reservoir;  thence  returning  to  the  city  and 
up  to  the  Pumping  Station,  which  two  trips,  will  take  about  four  hours. 
It  is  hoped  that  all  the  members  will  find  it  convenient  to  go  as 
above  indicated.  If  the  time  named  is  not  consistent  with  the  busi- 
ness arrangements  of  the  Convention,  the  Company  will  be  glad  to 
make  different  or  such  arrangements  as  will  meet  the  convenience  of 
the  members. 

Very  Respectfully 

LOUISVILLE  WATER  COMPANY, 

By  Ch.vs.  Heemant, 

Chief  Eng.  &  Supt. 

Mr.  Hermany  said  he  would  like  to  hear  from  the  Conven- 
tion in  reply  to  the  invitation  as  soon  as  practicable,  in  order 
that  proper  arrangements  maybe  made,  and  if  the  time  design- 
ated by  him  should  not  meet  the  convenience  of  the  asso- 
cirtion  to  advise  him  of  what  other  time  will.  I  also  desire  in 
the  name  of  Dennis  Long  &  Co.  to  extend  an  invitation  to  the 
association  to  join  us  on  an  excursion  to  Mammoth  Cave. 
We  have  arranged  to  leave  here  on  Friday  morning  by  special 
train  at  nine  o'clock,  and  returning  you  will  reach  Louisville 
on  Saturday  evening  about  nine  o'clock.  We  have  figured  it 
that  most  of  the  members  ought  to  be  in  a  position  to  avail 
themselves  of  the  invitation,  because  if  you  leave  here  promptly 
on  adjourning  you  could  not  get  to  your  homes  to  attend  to 
any  business  before  Monday  morning,  and  very  few  of  you 
live  so  far  that  you  cannot  go  on  this  trip  and  still  reach  home 
by  that  time.  Every  arrangement  will  be  made  for  the  com- 
fort and  pleasure  of  the  members  on  the  excursion.  Of 
course,  you  understand  that  this  invitation  includes  the  ladies. 

Mr.  DivEN: — I  move  that  the  invitation  of  the  Louisville 
Water  Company  be  referred  to  the  Executive  Committee. 
Our  time  is  going  to  be  very  fully  taken  up,  and  I  think  it 
will  take  some  little  deliberation  to  see  whether  we  can  go. 
I  move  also,  that  the  thanks  of  the  association  be  tendered 
for  both  invitations. 

The  motions  being  put  they  were  unanimously  carried. 

The  Secretary  reported  the  following  applications  for  mem- 
bership, all  of  which  were,  upon  motion,  received  and  the  ap- 
plicants unanimously  elected: 


Barnet,  John,  Supt.  Water  Works Lafayette  Ind. 

Burnet   Muscoe,  Supt.  &  Treas.  Water  Co Paducah,  Ky. 


9 

Cole,  John  A..  Civil  Engineer Hyde  Park,    111. 

Foote,  C.  M..  Civil  Engineer, Minneapolis,  Minn. 

Gayelin,    Emile,  Hydraulic  Engineer, . .  » Philadelphia,  Pa. 

Hermany,  Chas.,   Chief    Eng.  &   Supt.    Water    Works. .  .Louisville,  Ky. 

Jackson,  F.  W.,    Supt.    Water    Works Oak    Park.  lil. 

McAlpine,  A.  H.,  Chief  Eng.    &   Supt.    Water    Works     Columbus,  Ohio. 

McCallum,  Alex,  Hydraulic  Engineer, Philadelphia,  Pa. 

Marrett,  P.  J.,  clerk  to  chief  engineer Louisville,  Ky. 

Martin.  H.  P.,  Sup't  Water  Works Owensboro,  Ky. 

( )gden,  John  L.,  Chief  Engineer  Water  department. .  -Philadelphia,  Pa. 

Potts,  Isaac  B.,  Mechanical  Engineer Columbus,  Ohio. 

Race,  R.  T.,  Pres't  Fredonia,  Kans.,  Water  Works Irving  Park,  Ills. 

Reinecke,  Wm.,  Sec'y  Ashland,  Wis.,  Water  Works Louisville,  Ky. 

Ruger,  Edward,  Chief  Eng.  Water  Works Omaha,   Neb. 

Wilkerson,    J.    H.,    Supt.     Water   Works Bowling  Green,  Ky. 

ASSOCIATE. 

Ahrens  &  Ott  Mfg  Co.  Water  Works  Supplies, . Louisville,  Ky. 

Bourbon  Brass  and  Iron  Works  Water  Works  Supplies Cincinnati,  O. 

Caldwell,  Jno.  A.,  M.  E.,  Hyatt  Pure  Water  Co New  York,  N.  Y. 

Clark,  Wm.  L.,  Newark  Tapping  Machine Newark,  N.  J. 

Fisher  Governor  Co..  Manufacturers  Steam  Pumps. . .  Marshalltown,  la. 
Water  Waste  Prevention  Co..  Water  Meters New  York,  N.  Y. 

The  President: — The  next  business  in  order  is  the  reading 
of,  the  minutes  of  the  last  meeting,  and  it  is  suggested  that 
heretofore  it  has  been  the  custom  to  omit  this.  There  being 
no  objection  the  reading  of  the  minutes  is  dispensed  with. 

Mr.  Gardner: — I  move  that  the  officers  of  the  Louisville 
Water  Company,  and  all  member's  of  scientific  bodies  resident 
in  the  city  of  Louisville,  be  accorded  an  invitation  to  attend 
our  meetings  and  to  participate  in  our  debates. 

The  motion  was  seconded  and  being  put  was  carried. 

The  President: — The  next  order  of  business  is  the  report 
of  the  Executive  Committee. 

The  Secretary  then  read  the  report  as  follows,  which  on 
motion  was  approved: 


REPORT  OF  EXECUTIVE  COMMITTEE. 

To  THE  MemBEBS  of  THE  AMERICAN  WaTEB  WoBKS  ASSOCIATION:  — 

Gentlemen: — Your  Executive  Conmittee  would  respectfully 
report: 

That,  they  have  examined  the  accounts  of  the  Secretary  and  Treas- 
urer, and  find  the  same  to  be  correct  as  reported  by  him. 

That  they  have  fixed  the  salary  of  the  Secretary  and  Treasurer  at 
three  hundred  dollars  ($300.)  for  the  past  year,  and  have  authorized 
him  to  draw  a  warrant  for  that  amount. 
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We  would  recommend  that  all   mem.bers    delinquent  in    their  dues 
for  three  years  or  over  be  dropped  from   the  roll  with  privilege  of  rein- 
statement at  any  time  upon  payment  of  all  arrearages. 
Respectfully  submitted. 

A.  N.  Dexman.  Pres't. 

For  Executive  Committee. 
Lonisville,  Ky.,  April  16th  1889- 

The  Secretary  read  the  report  of  the  Secretary  and  Treas- 
urer as  follows: 


rf:port  of  secretary  and  treasurer. 


To  THE  OfFICEBS  AND  MeMBEBS  OF     THE     AmEBICAN     WaTEB  WoBKS  ASSO- 
CIATION:— 

Gentlemen: — I  have  the  honor  to  submit  herewith  my  Ninth 
.\nnual  Report  as  Secretary  and  Treasurer  of  the  Associiation. 

Since  our  last  Annual  Meeting  we  have  lost  from  our  ranks  by 
death.  Mr.  Harvey  F.  Gaskell,  representing  the  Holly  Manufacturing 
Co. 

During  the  year  we  have  gained  24  Active  and  7  Associate  Mem- 
bers: we  have  lost  by  resignation  7  Active  and  1  Associate,  dropped 
from  the  rolls  for  non-payment  of  dues  14  Active  and  4  Associate,  leav- 
ing a  net  gain  of  5  Members.  There  are  now  enrolled.  1  honorary.  22.S 
Active  ar.d  56  Associate,  a  total  of  280  Members. 

CASH  STATEMENT. 

Balance  on  hand  last  report $171  .">.'> 

Rec'd  from  Admission  Fees $185  (K) 

Annual    Dues 587  00 

Sales  of  Proceedings 29  05 


$801  05 


Total  from  all  sources ••........•• $972  60 

DISBUBSEMENTS. 

Paid  warrant  No.  38  in  favor  H.  F.  Dunham 

Acc't     Expense    8th      .\nnual    Meeting •   $     5  (M) 

Paid  warrant  No.  39  in  favor  Davis  &  Hipperd 

Stenographic    report •  •  .  • HI  25 

Paid  warrant  No.  40  in  favor  Standard  Ptg.  Co. 

Proceedings  and  Stationary H64  22 

Paid  warrant  No.  41  iq  favor  A.   G.  Welsher. 

Notices  and  Badges :-iO  72 

Paid  warrant  No.  42  in  favor  J   T.  Fanning 

Electrotype  plates ;.    59  98 

Paid  warrant  in  favor  J.  H.  Decker.  Sec'y 

Office  Expense  and  Postage ..'. 108  4<J 

Paid  warrant  in  favor  of  J.  H.  Decker  ;;    -    •  • 

Salary •• .....     300  00 

Balance  Cash  on  hand • •  • ...        23  08 

^.$972  60 
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With  hearty  and  sincere  thanks  to  my  fellow  officers  and  the  mem- 
bers and  with  an  earnest  and  heartfelt  prayer  for  an  interes  ng  and 
profitable  meeting,  as  well  as  for  the  growth  and  prosperity  ©f  the 
Association  this  is  Respectfully  submitted 

J.  H.  Deckeb, 

Secretary  and  Treasurer. 
Louisville.  Ky..  April  16th.  1889. 

It  was  moved  that  the  report  be  approved  and  placed'  on 
file,  and  it  was  so  ordered. 

Thk  President: — The  next  order  of  business  is  the  report 
of  the  Finance  Committee,  but  there  appearing  to  the  chair 
to  be  no  member  of  that  committee  present,  the  special 
committees  will  be  called.  Has  the  Committee  of  Arrange- 
ments any  report  to  make? 

Mr..  (Iardner: — The  General  Committee  on  Arrangements 
has  no  report  to  make  at  the  present  time.  It  will  probably 
ask  leave  to  report  later. 

The  Presidkn't: — Gentlemen,  members  of  the  American 
Water  Works  Association,  the  office  of  President  is  a  some- 
what peculiar  one*  and  one  of  its  peculiarities  is  that  if  he 
does  not  seize  his  opportunity  and  charge  on  you  according 
to  programme  he  is  apt  to  loose  it  altogether.  I  will  therefore 
■at  this  time  submit  to  the  association  what  remarks  I  have  to 
make,  which  may  not  perhaps  come  strictly  within  the  line 
of  a  President's  Address: 


THE    PRESIDENT'S  ADDRESS. 


Membebs  of  the  American  Watek  Wobks  Association: — Gentlemen: — 

We  have  reached  our  9th  Anniversary.  When  a  youth  reaches  the 
age  of  21.  men  are  apt  to  say  he  is  a  man  and  invest  him  at  once  with 
the  dignity  of  a  citizen.  He  takes  on  the  responsibilities  of  life — has 
come  out  from  under  his  tutors  and  steps  forth  for  real  work. 

A  child  of  nine  springs  is  not  as  a  usual  thing  looked  upon  with  so 
much  of  interest  because  perhaps  the  crisis  of  -his  life  has  not  been 
reached  yet  the  nines  have  properties  which  pertain  to  no  other  nuni- 
ber.  We  can  usually  pressage  the  character  of  the  future  man  by  ihe 
time  he  reaches  nine  years  and  before  he  enters  his  teens. 

He  betrays  those  characteristics  which  foreshadow  the  future  even 
before  attaining  so  much  of  Hge. 

Thus  it  seems  that  in  the  life  of  our  Association  we  have  arrived  at 
"a  point  when  it  behooves  us  to  look  at  ourselves  and  consider  hois' 
much  of  progress  and  of  good  we  have  attained  to,  and  also  to  look  to 
thg  future  success  of  the  association,  which  to  us  all  has  been  so  full  of 
pleasure  and  profit. 

I  think  that  an  examinatitm  of  our    records,  will  show    that  we  have 
hitherto  made  great  strides  ill  all  that   pertains  to  real    progress.     Not 
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only  in  numbers  in  attendance,  but  in  the  character  of  papers  presented 
and  in  every  other  feature  a  marked  improvement  has  been  made. 
The  influence  of  the  association  has  most  certainly  been  felt  in  the 
improved  character  of  the  service  in  cities  where  our  members  live,  in  the 
superior  machinery  adopted,  in  the  character  of  the  water  furnished  as 
well  as  in  the  dissemination  of  information  which  could  scarcely  be 
obtained  io  any  other  way.  Added  years  should  increase  wisdom: 
Time  is  lost  if  improvement  be  not  made  in  our  management.  If  we  havtw 
failed  to  learn  more  aoout  mechanics  and  hydraulics  and  the  law  of  the 
case — more  about  dealing  justly  with  the  public  and  to  avoid  imposi- 
tion— more  about  keeping  accounts  and  the  economics  of  our  calling, 
then  we  have  failed  to  make  best  use  of  our  opportunities. 

If  with  united  hands  and  hearts  we  press  on  to  a  common  goal  and 
that  be  one  of  high  aim  and  achievement — if  everyone  lends  their  aid. 
each  in  his  sphere  and  according  to  ability,  we  need  have  no  fear  for 
the  future  of  an  association  in  whose  welfare  the  entire  water  drinking 
public  have  a  lively  interest,  and  to  which  they  ought  to  be  taught  to 
look  for  the  best  and  most  reliable  information  attainable  in  regard  to 
all  that  relates  to  water  and  water  supply. 

The  association  should  by  its  high  character,  so  establish  itself 
in  the  confidence  of  the  people  as  to  be  at  once  to  them  a  safe  counsel- 
lor and  a  just  arbiter  of  all  differences.  Our  realm  is  wide.  We  must 
be  familiar  with  mechanics  and  mechanical  appliances,  with  hydraulics 
and  with  chemistry — be  able  to  discover  impurities,  and  to  detect  and 
arrest  that  which  may  prove  the  germ  of  disease.  In  fine  there  is  scarcely 
any  field  of  investigation  in  which  we  may  not  profitably  enter. 

Our  subject  is  never  exhausted — our  realm  is  unestimated.  We  must 
delve  in  the  earth  for  our  product  and  watch  the  skies  as  "well.  The 
purveyor  is  at  once  a  miner  and  a  meteorologist;  he  is  always  studying 
the  unknown  that  he  may  produce  that  which  is  known.  He  makes 
plain  that  which  is  unseen:  he  dispenses  the  water  of  life  to  the 
thirsty  and  famishing;  he  is  an  enemy  to  disease  and  filth,  and 
preaches  louder  than  words  can  express  that  Cleanliness  is  next  to 
Godliness — indeed  it  is  a  prerequisite;  he  is  a  Moses  who  divides  the 
waters — who  strikes  the  rock  that  gushing  waters  may  flow  :  he  makes 
sweet  the  waters  of  Marah  and  subdues  the  fiery  terror  of  the  night; 
his  is  to  bless  not  to  curse:  he  sets  to  every  one  a  portion,  and  like 
manna  it  is  provided  fresh  every  day.  Mechanics  and  Art  subsist  by 
his  labors,  but  his  chief  reward  is  in  the  rosy  faces  of  children  and  the 
blessings  of  the  people. 

"He  tnrneth  a  wilderness  into  a  poo'  of  water 

And  a  dry  laud  into  water  springs: 

.\.nd  there  he  maketh  the  hungry  to  dwell; 

That  there  he  may  prepare  a  city  of  habitation" 

Gas  may  go  out  —men  can  live  in  darkness; 

Cars  cease  for  a  time  to  run.  yet  men  exist; 

Fuel  may  be  scarce,  yet  we  may  be  warmed; 

Absence  of   food   may  for  a  time  be  endured 

But  water  must  not  cease  to  run. 
I  exhort  you  fellow  members  not  to  forget  your  high  calling,    which 
should   be    infinitily    above  that   of  mere    money    getting,   but  which 
includes  within  its  scope  in  a  large  degree  the   safety,  health    and  wel- 
fare of  those  you  are  appointed  to  serve. 

The  various  plans  and  mechanisms  for  the  purification  of  water  are 
attracting,  as  they  ought  to.  wide  spread  attention.  Therefore  I  would 
bespeak  your  careful  attention  to  the  papers  to  be  presented  on  this 
subject.  We  think  the  time  not  far  off.  when  years  are  considered,  when 
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the  public  will  demand  from  water  purveyors  that  the  water  they  fur- 
nish shall  not  only  be  pure  and  wholesome,  but  also  free  from  all 
deleterious  properties.  When  the  mechanic,  for  mechanical  purposes, 
shall  have  the  right  to  demand  water  which  will  not  only  not  clog  with 
mud,  but  which  will  not  even  deposit  scale  in  the  boiler.  The  time  is 
fast  approaching  when  purveyors  will  be  held  liable  for  introducing 
^into  a  boiler  that  which  shall  tend  to  make  its  use  unsafe.  Nor  will  it 
require  the  dawning  of  the  millenium  to  bring  this  about,  for  already 
experiments  have  proven  partially,  at  least,  the  feasibility  of  such  at- 
tempts. 

The  man  who  discovers  a  stream  of  pure  water,  and  places  it  within 
reach  of  a  thirsty  people,  is  a  benefactor  indeed,  but  him  to  whom  it  is 
given  to  make  an  impure  stream  pure,  and  to  cleanse,  it  of  everything 
deleterious,  is  one  who  under  Divine  guidance  has  made  bitter  and  dis- 
ease laden  waters  sweet,  of  whom  it  may  be  said:  "The  wilderness  and 
the  solitary  place  shall  be  glad  for  him  and  the  desert  shall  rejoice  and 
blossom  as  the  rose." 

Nothing,  however,  assumes  more  importance  to  us,  than  the  grave 
questions  of  corporations  and  trusts,  which  at  present  take  precedence 
in  the  public  mind.  The  nature  of  these  organizations  is  considerably 
mixed  in  the  public  mind,  and  readily  confounded  one  with  the  other. 
For  our  present  purpose  we  shall  say  that  a  trust  is  not  necessarily  a 
corporation  although  by  a  union  of  corporations  a  trust,  may  be 
formed. 

A  corporation  is  that  which  it  is  made  by  the  power  which  formed  it 
and  has  no  power  not  formally  granted  to  it.  "For  while  the  life  of  a 
corporation  is  perpetual,"  to  use  the  apt  words  of  E.  P.  Alexander  in 
Scribners  Magazine,  January,  1889,  "its  powers  are  limited  and  its 
individuality  is  constantly  changing.  It  is  but  an  artificial  individual 
existing,  for  certain  purposes  only,  and  as  it  lacks  some  human  qualities 
all  its  methods  of  doing  business  are  influenced  thereby.  For  instance, 
having  no  natural  memory,  its  every  and  most  minute  transaction  or 
intent  must  be  officially  recorded  in  its  archives  by  a  systematized  or- 
ganization which  must  apprehend  every  event  as  do  the  senses  of  an 
individual." 

If  it  abuses  its  powers  it  is  amenable  to  the  law  under  which  it  was 
granted.  Corporations  are  of  two  kinds,  public  and  private.  They 
are  both  alike  creatures  of  the  supreme  law  making  power  of  the  State 
and  since  both  are  composed  of  men  who  are  human,  both  are  liable  to 
abuse  by  those  in  management  of  them. 

It  has  been  said  that  a  corporation  has  no  soul.  We  think  it  more 
wisely  said  that  a  corporation  hath  many  souls. 

The  question  as  to  whether  water  works  in  cities  should  be  owned 
by  the  city  itself  or  by  private  corporations  seems  lately  to  have 
received  considerable  attention  from  associations    similar    to  our  own. 

Writers  taking  the  sides  of  the  city  and  against  private  corpora- 
tions, seem  to  forget  that  in  either  case  the  works  are  controlled  by  men 
of  like  passions.  We  fail  to  see  how  with  like  candid  and  fair  treatment 
the  private  corporation  can  be  inferior  to  the  city  in  its  management 
or  conduct  of  its  affairs. 

It  goes  without  the  saying  that  a  city  government  weak  or  corrupt 
enough  to  charter  a  water  company  without  at  the  same  time  passing 
restraining  laws,  is  not  fit  to  conduct  the  affairs  of  such  a  company 
otherwise  than  to  the  ruin  of  both  Company  and  people. 

A  water  company  is  a  quasi  public  corporation  and  is  governed  by 
its  charter  in  every  detail  of  its  business,  except  that  it  may  make 
such  ordinary  and  reasonable  rules  for  the  conduct  of  its  affairs  as  are 
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not  inconsistent  with  an  honest  purpose  and  are  according  to  usua^  laws 
of  trade. 

I  do  not  intend  here  to  discuss  the  question  as  to  whether  it  is  better 
for  public  water  works  to  be  owned  by  the  municipality  or  by  pri- 
vate corporation,  but  wish  only  to  call  attention  to  a  matter  which 
seems  now  to  be  occuj^ying  much  of  public  attention.  I  commend  a 
thorough  discussion  of  the  subject  to  the  Association. 

I  will  not  repress  the  observation  however  that  an  honest  public  will 
eventually  secure  honest  management,  even  of  a  private  corporation, 
and  further  to  express  the  opinion  that,  municipal  corporations  and 
the  public  are  chiefly  responsible  for  the  faults  of   private  corporations. 

Men  are  restless,  ever  seeking  change,  restless  as  the  ocean  tossing 
about  hither  and  thither  without  seeming  object;  as  Governor  Morris 
says — "ever  hoping  for  good  which  is  never  attained  and  suspicious 
of  evil  rarely  realized." 

Some  interesting  cases  have  been  decided  during  the  year,  involving 
the  rights  of  water  companies  in  their  various  relations,  to  which  I 
think  well  to  call  your  attention. 

The  New  Jersey  Court  of  Chancery  in  a  case  reported  in  15  Atlantic 
Reporter  p.  581.  decides  that  a  water  company  acquires  by  virtue  of  its 
incorporation  a  right  to  lay  its  pipes  in  public  highways  and  in  so 
doing  is  only  subject  to  such  control  of  local  authorities  as  is  necessary 
to  prevent  unnecessary  obstruction  or  interference  with  public  travel: 
and  if  two  such  corparations  are  formed  in  a  locality  to  which  their 
charter  applies  each  has  precisely  the  same  right  to  make  use  of  the 
public  highways  in  conducting  its  business. 

In  the  "Appeal  of  the  City  of  Chester"  (Pa.)  reported  in  the  8  Atlan- 
tic Reporter  p.  400.  it  is  held  that  a  water  company  acquires  no 
exclusive  rights  unless  such  are  expressly  given  by  statute  or  by  its 
charter  or  by  its  municipal  contract.  A  city  is  under  no  obligation  to 
refuse  to  permit  another  company  to  occupy  the  streets  in  such  event. 
The  hardship  and  injustice  of  such  a  proceeding  cannot  properly  be 
addressed  to  the  court,  but  must  be  considered  and  determined  by  the 
city  authorities. 

In  Freeport  ^\'ater  Works  Company  i-s  Prager  3  Pa.  County  Court 
Reports  371,  it  was  held  to  be  no  violation  of  the  exclusive  franchise  of 
a  water  company  for  the  defendant,  to  allow  his  neighbors  to  connect 
with  him  when  he  had  before  the  grant  to  the  company,  laid  pipes  and 
supplied  water  through  them. 

In  Reed  vs  State  15  N.  E.  Reporter  p.  785  it  is  held  that  if  in  building 
a  reservoir  the  State  uncovers  a  bed  of  gravel  and  does  not  take  the 
means  to  make  the  same  water  tight  the  parties  injured  thereby  can 
recover  damage  under  condemnation  statutes. 

As  touching  the  relations  of  water  companies  and  consnmers  a 
number  of  interesting  jioints  have  been  touched  upon  although  none  of 
the  points  decided  are  new.  First  as  to  the  quality  of  the  water  which 
a  company  is  required  to  furnish  under  a  charter  which  says  that  it 
shall  furnish  '"pure  water."    The  following  is  the  language  of  ■'he  court: 

"If  the  term  "pure  water,"  as  found  in  the  act  of  1874.  is  to  be  taken 
in  the  absolute  sense,  then  is  that  absurd  and  useless:  for  we  all  know 
that  the  only  way  to  obtain  pure  water  is  by  distillation.  Water  is  an 
absolvent  and  a  solvent,  so  that  it  can  neither  pass  over  the  earth  nor 
through  the  atmosphere  without  contracting  impurity.  How  then 
could  the  Tonawanda  Water  Works  supply  pure  water  to  the  inhabitants 
of  Tonawanda,  when  such  is  not  to  be  found  in  the  heavens  above  or 
the  earth  beneath?  But  even  comparatively  pure  water  is  hard  to  be 
obtained  in  large  quantities;  for  in  populous  sections  of  the   country 
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where  water  works  are  mostly  needed,  neither  rivers  nor  smaller  streams 
can  be  kept  entirely  clear  of  sewage.  Melting  snow  contaminates 
them  and  rains  fill  them  with  mud.  The  very  mountain  streams  are 
not  free  from  pollution,  nor  even  the  springs  that  flow  from  the  rocks. 
These  are  matters  of  common  observation,  and  we  do  not  need  experts 
to  inform  us  of  them.  If  we  are  not  to  utterly  frustrate  the  act  of 
assembly,  we  must  construe  the  words  "pure  water"  to  mean  wholesome, 
—ordinarily  pure.  We  must  use  it  as  it  is  used  by  the  world  at  large, 
and  not  in  its  abstract  or  chemical  sense.  It  is  only  in  this  manner 
that  we  can  reach  the  legislative  intent,  and  make  the  act  econmically 
valuable.  Under  this  rule — the  rule  of  sound  common  sense — we  can 
entertain  no  doubt  of  the  rectitude  of  the  judgment  of  the  court  below. 
The  judgment  is  affirmed." — Gordon,  Chief  Justice  in  Commonwealth  vs) 
Tonawanda  Water- Works,  15  All.  Rep.  440  (Pennsylvania  Supreme 
Court.) 

A  troublesome  little  question  is  settled  in  the  Appeal  of  Brumm  (Pa. 
12  Atlantic  Reporter  855,  and  that  is  where  the  consumer  by  his  own 
wrong,  as  by  refusal  to  pay  a  just  rate,  compels  the  company  to  sever 
his  connections,  the  company  is  entitled  to  recover  the  cost  of  making 
the  disconnection.  It  has  often  before  this  been  decided  that  the 
consumer  must  stand  the  cost  of  making  his  own  connections  which 
once  have  been  severed. 

This  same  case  also  decides  that  if  the  charter  of  the  company  pro- 
vides that  water  rents  shall  be  made  a  lien  on  the  premises,  a  grantee 
may  be  made  liable  for  his  grantors  default. 

Also  that  a  by-law  of  the  company  requiring  payment  of  rates  half 
yearly  in  advance  or  the  water  turned  off  within  sixty  days  is  a  valid 
exercise  of  the  right  of  the  company  to  make  by-laws;  and  that  a 
municipal  corporation  which  supplies  its  inhabitants  with  gas  or  water, 
does  so  in  its  capacity  of  a  private  corporation  and  not  in  the  exercise 
of  its  powers  of  local  sovereignty. 

The  doctrine  that  a  private  consumer  cannot  recover  of  a  water 
company  the  damage  eaused  by  fire  where  the  water  supply  was  inad- 
equate and  not  according  to  contract  with  the  city  has  again  been  fully 
affirmed  in  Becks  rs.Kiftaniny  Water  Co.  (Pa.)  11  Atlantic  Reporter  p. 
800,  with  little  variety  of  incident.  There  was  in  this  case  a  contract 
between  the  city  and  company  for  the  maintenance  of  fire  plugs  and 
adequate  pressure  and  water  supply  by  the  company.  Plaintiff  was 
the  owner  of  a  brewery  which  he  claimed  was  destroyed  by  fire  because 
of  the  inadequate  water  supply  for  which  the  company  was  responsible. 
It  was  held  that  the  company  having  no  contract  with  the  defendant 
for  that  purpose  owed  him  no  duty  in  this  respect,  and  the  contract 
being  between  the  city  and  the  defendant,  plaintiff's  interest  was  too 
remote  to  sustain  his  action  and  the  court  could  not  extend  the  terms 
of  his  contract  with  the  water  company  for  a  general  water  supply  to 
cover  the  extraordinary  necessity  in  case  of  fire. 

We  bespeak  for  our  programme  your  careful  attention.  It  would  be 
difficult  to  declare  which  of  the  subjects  on  it  is  most  important.  They 
each  one  merit  and  doubtless  will  have  your  close  attention.  They 
embrace  all  subjects  from  the  inception  of  a  water  works  to  the  best 
methods  of  keeping  its  accounts. 

Many  will  miss  the  stock  subject  of  "Water  Waste,  its  prevention  and 
cure,"  but  it  is  a  subject  of  no  less  importance  than  formerly  and 
lacks  yet  a  full,    complete  and  satisfactory  answer. 

We  will  be  glad  to  hear  something  about  "Action  of  ■  Mechanical  Fil- 
ters" from  Mr.  Geyelin  a  subject  of  growing  interest  as  we  have  already 
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We  are  glad  to  see  the  names  of  S.  B.  Russell,  Professors  Leeds  and 
Johnson,  strangers  hitherto.  Our  old  friend  Jones  comes  to  us  with  a 
problem  and  will  no  doubt  tell  us  something  of  his  wrestling  with  the 
plumbers  of  his  city  and  the  final  outcome  of  the  Kansas  City  question 
which  was  before  us  at  Cleveland  last  year. 

Mr.  Gerecke  will  enlighten  us  on  "Purification  of  Water  for  Boilers," 
a  subject  of  utmost  importance  and  allied  to  that  of  "Hardness  of 
Water."  Mr.  Priddy  comes  with  an  "Increase  of  Rates."  a  subject  which 
commends  itself  most  gratefully  to  us  all. 

We  shall  hear  from  Mr.  Ay  res  of  the  best  methods  of  "Flushing  Street 
Mains"  and  from  Mr.  Ryle  as  to  Pressure.  While  Mr.  Gardner  will 
inform  us  of  the  latest  improvements  in  the  use  of  Liquid  and  Gaseous 
Fuels."  Mr.  Darling  has  kindly  promised  a  paper  upon  the  general  use 
of  meters,  a  subject  which  is  just  now  forcing  itself  into  attention. 
A  generous  feast  of  fat  things  is  prepared  for  us.  Let  us  sit  down  to 
the  banquet  with  keen  appetite  and  rejoice  that  water  is  capable  of 
furnishing  so  much  of  pure  delight  without  inebriating. 


The  PR^:sIIll•:N■i':---^^  e  are  now  about  to  take  up  our  regu- 
lar order  of  business,  the  reading  of  papers  we  have  on  hand, 
and  I  wish  I  could  command  words  effective  to  secure  not 
only  the  earnest  aittention  of  the  members  to  these  papers,  by 
their  constant  attendance  here  while  we  are  in  session,  but  to 
have  them  discussed  as  briefly,  as  compatible  with  thorough- 
ness. There  is  no  one  here  who  need  feel  backward  about 
asking  for  the  floor  for  the  discussion  of  these  papers.  We 
want  it  most  distinctly  and  emphatically  understood  that  the 
associate  members  have  an  equal  right  to  this  floor  in  the  dis- 
cussion of  any  papers  that  may  come  up,  with  the  limitation, 
of  course,  that  the  proprieties  of  the  case  be  observed;  that 
is  to  say,  it  would  not  do  to  allow  advantage  to  be  taken  of 
this  privilege  for  the  purpose  of  advertising  wares  here,  but 
so  far  as  the  free  discussion  of  the  papers  and  their  subjects 
as  they  come  before  the  association,  the  associate  members 
have  equal  rights  with  the  active  members;  they  are  accorded 
that  right  by  the  constitution,  and  while  I  occupy  the  chair 
every  associate  member  will  be  made  to  feel  that  he  has  the 
same  liberty  to  get  on  his  feet  whenever  he  may  have  any- 
thing to  say,  as  active  members.  I  want  to  say  another 
thing.  There  may  be  some  modest  men  here  to  whom  some- 
thing may  occur  they  would  like  to  speak  of.  Now,  to  these 
I  say  just  get  on  your  feet  and  act  as  though  you  were 
among  brethern  and  friends,  as  we  want  a  full  and  cordial 
expression  of  opinion  on  all  these  subjects.    ( Ajjplause) 

Mr.  Decker.-     I  would  suggest  that  now  would  be  the  pro 
per  time  to  appoint  a  committee    to    nominate     officers     and 
select  a  place  of  meeting  for  the  next  year. 


The  President: — Mr.  Decker's  suggestion  has  taken  me 
by  surprise.      I  will  announce  the  names  after  dinner. 

Adjourned. 

Afternoon  Session  Tlesdav  April    i6,  1889. 

Meeting  called  to  order  by  President  Denman  at  2/30. 
o'clock. 

The  president  announced  the  Committee  on  Nominations 
as  follows: 

L.  H.  C'rardner.  New  Orleans,  La.;  H.  (i.  Holden,  Nashua; 
N.  H.:  C.  S.  Brown.  Toledo,  Ohio;  Charles  Hood,  Burling- 
ton, la;  Wm.  Ryle,  Paterson,  N.  J.; 

The  President: — It  is  with  great  pleasure  we  observe  our 
friend  and  co-worker,  Mr.  Nevons,  President  of  the  New 
England  Water  Works  Association,  amongst  us  this  afternoon. 
I  will  request  Mr.  Nevons  to  come  forward  and  take  a  seat. 

Mr.  Nevons:  —  I  desire  to  thank  you,  Mr.  President,  for 
your  courtesy. 

The  PREsii)ENi:---(ientleinen,  there  has  been  placed  on  the 
desk  here  a  plumbers'  bond;  it  is  intended  simply  as  a  form, 
a  sample,  as  a  suggestion,  if  you  please,  of  the  right  thing 
for  the  plumber  to  sign,  if  you  can  get  them,  (laughterj. 

If  time  permits  we  may  perhaps  a  little  later  have  some 
discussion  on  that  subject,  so  I  should  be  glad  if  you  would 
help  yourselves  to  them.  In  my  ex]jerience  in  water  works 
affairs.  I  have  found  great  benefit  frequently  from  the  blanks 
I  have  received  from  other  companies  and  cities.  I  never 
destroy  them:  I  file  them  away.  The  thing  you  think  you 
will  never  have  use  for  is  the  thing  probably  you  will  have  to 
use  on  the  first  occasion.  So  I  woidd  like  to  see  these  gen- 
j  erally  distributed,  and  if  you  do  nothing  else  fold  them  and 
put  them  in  your  pockets:  later  you  may  heed  them.  One 
thing  more.  We  have  received  a  very  generous  invitation  to 
go  to  Mammoth  Ca\e  on  Fridav.  Now.  it  is  very  desirable 
that  Messrs  Dennis  Long  &  Co.  who  have  tendered  the  ex- 
cursion to  us,  should  know  at  as  early  a  moment  as  possible 
how  many  will  go,  there  is  here  on  the  desk  a  book  for  the 
purpose  of  registering  the  names  of  the  members  who  will  go, 
so  that  ample  provision  may  be  made  for  all.  It  is  hardly 
possible  there  is  any  one  here  who  has  not  heard  of  Mam- 
moth Cave.      It  is  one  of  the   wonders    of   the    United  States; 
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I  may  say  one  of  the  wonders  of  the  world,  and  no  one  can 
well  appreciate  what  he  is  doing  if  he  has  it  in  his  heart  to  go 
away  from  Kentucky  without  accepting  that  kind  invitation, 
and  I  urge  upon  you  all  to  go.  There  is  another  thing  that 
has  come  within  the  range  of  my  observation  I  notice  some 
of  the  members  are  without  badges.  The  rule  of  this  asso- 
ciation is  that  any  member  meeting  another  is  bound  to  speak 
to  him  and  shake  hands  with  him,  where  they  are  unacquainted, 
these  badges  are  for  the  purpose  of  identification  and  the 
promotion  of  mutual  pleasure,  let  me  exhort  you  all  to  the 
utmost  cordiality  during  our  stay  here  and  to  make'  the  most 
of  the  social  side  of  our  meeting.  I  have  neglected  hereto- 
fore to  announce  to  the  Association  that  Mr.  Diven  has 
presented  to  us  this  handsome  gavel,  the  first  that  the  asso- 
ciation has  ever  possessed. 

A  MeiMber: — I  move  that  the  gavel  be  accepted  with 
thanks,  but  with  the  regret  that  the  donor  seemed  to  think  it 
r^ecessary  to  make  it  l^avy  enough  to  knock  a  man  down  with, 
(laughter) 

Carried. 

Mr  Gardner: — Before  proceeding  to  further  business  the 
Committee  of  arrangements  wish  to  announce  that  it  is  the 
intention  to  have  a  banquet  on  Thursday  evening,  and  it  is 
desired  that  those  of  the  members  who  propose  to  attend 
shall  advise  the  secretary  at  as  early  a  moment  as  practicable, 
that  all  necessary  arrangements  may  be  made. 

The  President — We  will  now  take  up  the  first  paper  on 
the  programme,  which  is  "Water  Works  Records"  by  Mr.  J. 
M.   Diven. 


WATER  WORKS  RECORDS. 


There  are  few,  if  any,  connected  with  Water  Works  management,  who 
have  not,  at  some  time,  felt  the  need  of  more  complete  records  of  work 
d  )ae.  Especially  if  managing  works,  designed,  built  and  previously 
managed  by  others. 

Very  much  the  larger  part  of  a  water  works  plant  is  buried  out  of 
sight.  But,  though  out  of  sight,  by  no  means  out  of  mind.  For  no 
single  joint,  corporation  cock,  or  any  other  fixture  buried  five  or  more 
feet  below  the  surface  of  the  streets  but  what,  at  the  most  inopportune 
moment,  may  make  its  presence  felt  and  require  immediate  attention. 
Therefore  the  great  need  that  the  maps,  plans  and  records  of  such 
work  be  very  complete.  So  that,  from  them,  we  or  our  successors, 
can  at  all    times   know  what  is  buried  in  the  streets  and  just   where  to 


19 

dig  for  it.  They  should  be  so  clear  and  explicit  that  any  one  could 
fully  understand  them,  for  we  do  not  build  for  the  present  only,  but 
for  all  time. 

In  buiWing  new  works  the  first  thing  determined  upon  is  the  source 
of  supply.  Then  a  correct  map  of  the  city  or  town  to  be  supplied  is 
required.  And  all  through  the  history  of  the  works  this  map  will  play 
a  very  important  part. 

The  map  being  obtained,  the  pipe  system  is  laid  out  upon  it.  And 
in  doing  this  the  future  needs  should  be  considered  as  far  as  possible. 

After  determining  the  amount  of  water  needed  at  various  points, 
for  domestic  use.  manufacturing,  fire  protection  and  probable  waste, 
and  guessing  at  the  growth  in  various  directions,  the  sizes  of  pipes 
required  will  be  determined  upon  and  the  pipe  system  be  laid  out  on 
the  map.  For  quick  and  easy  reference  different  colors  and  forms 
are  usually  used  to  indicate  the  different  sizes  of  pipe.  In  selecting 
these  colors  and  forms  it  will  be  found  convenient  to  select  the  most 
simple  ones  for  6  inch  and  8  inch  pipe,  these  usually  forming  the  larger 
part  of  the  pipe  systenti. 

T'  is  plan  of  the  pipe  system  should  not  only  show  mains  to  be  laid 
at  the  time,  but  also,  an  outline  of  proposed  extensions.  And  in 
making  these  extentions,  when  needed,  this  plan  should  be  rigorously 
followed,  unless  future  developments  make  an  increase  in  size 
necessary.     It  should  never,  from  false  motives  of  economy,  be  reduced. 

Gate  Valves  and  Fire  Hydrants  should  next  be  located  and  marked 
on  the  map,  particular  prominence  being  given  to  the  latter,  for  the 
convenience  of  firemen  and  insurance  men. 

In  making  the  survey,  it  will  not  be  much  extra  work  tt)  take  levels-  - 
which  should,  above  and  below  some  central  point,  be  indicated  on  the 
map,  using  tire  hydrants  as  grade  stakes.  The  quantity  of  water  the 
mains  are  capable  of  delivering  at  various  points,  with  the  required 
pressure,  should  also  be  noted  on  the  map.  Though  for  this  purpose 
some  form  of  table  would  probably  be  better.  But.  for  myself.  I  have 
never  been  able  to  devise  a  satisfactory  form. 

We  will  now  have  a  complete  picture  of  the  works,  and  a  plan  for 
future  developments.  But  useful  as  this  undoubtedly  is.  in  fact  almost 
indispensible,  it  is  necessarily,  except  in  the  case  of  very  small  towns- 
on  too  small  a  scale  to  show  much  of  the  details.  For  which  purpose 
other  maps  and  plans,  on  a  much  larger  scale,  must  be  made.  This  is 
usually  done  by  dividing  the  city  by  wards,  or  some  other  convenient 
division,  and  making  separate  maps  of  each  section.  These  maps,  for 
convenience  are  bound  in  book  form. 

I  have,  to  st)me  extent,  used  a  form  of  map,  which  I  can  recommend 
to  others,  having  cement  lined,  wood,  or  other  make  of  pipe  that 
frequently  have  to  be  replaced  in  places  with  cast  iron.  That  is.  a  map 
for  each  street  by  itself.  For  these  maps,  or  rather  plans.  I  use  a  long 
strip  of  heavy  tracing  cloth  nine  inches  wide,  drawing  the  plans  to  a 
scale  of  twenty  four  feet  to  the  inch,  thus  representing  our  forty  eight 
foot  street  by  a  two  inch  space  on  the  map.  giving  ample  room  for 
entering  all  necessary  details. 

Judging  from  the  little  experience  I  have  had  with  this  form  of  map 
it  strikes  me  that  it  would  be  excellent  for  a  whole  system.  As  it  is 
capable  of  showing  every  detail  of  the  mains,  etc.,  that  can  be  desired. 
The  exact  location  of  the  pipes  at  every  point,  the  location  of  valves, 
unconnected  branches,  corporation  cocks,  and  if  thought  necessary,  the 
position  of  every  joint  could  be  clearly  shown. 

The  uses  to  which  such  detail  maps  can  be  put  are  many. 

In  addition  to  a  clear  plan    of  the  mains    and   other  fixtures    in  the 
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street,  the  property  lines  can  be  shown.  Lots  built  upon,  being  distin- 
guished from  vacant  lots,  by  coloring  or  otherwise,  and  those  supplied 
with  city  water  by  some  mark,  will  show  the  proportion  of  houses  on 
each  street  supplied  with  the  same. 

I  use  for  this  purpose  a  city  atlas,  showing  property  lines,  and  indi- 
cate premises  supplied  with  city  water  by  application  number,  thus 
making  the  map  serve  as  an  index  to  the  application  book.  And  a 
very  handy  index  it  is,  often  coming  to  the  rescue  when  all  others  fail. 
The  "Application  Book"  referred  to  is  a  permanent  book.  One  appli- 
cation serving  for  the  premises  through  all  its  changes  of  ownership, 
etc. 

On  one  page  of  this  book  is  a  blank  form  of  contract  for  water  sup- 
ply, which  is  filled  in  and  signed  by  owner  of  property  before  water 
connection  is  n\ade,  and  is  so  drawn  as  to  be  binding  to  his  heirs  or 
successors.  This  page  also  contains  space  for  keeping  a  record  of 
fixtures  and  rate,  this  is  kept  in  pencil,  to  admit  of  change  whenever 
additions  are  made  to  the  plumbing.  The  opposite  page  is  blank. 
And  on  it  is  kept  a  complete  history  of  the  "Tap."  On  this  page  is 
noted  such  items  as  name  of  plumber  who  puts  in  service  and  plumbs 
premises;  length  of  service,  with  a  diagram  of  the  location  of  stop- 
cock box:  change  of  ownership  and  tenants;  additions  to  plumbing 
and  when  made  and  who  by.  It  is  in  fact  made,  so  far  as  the  water 
supply  is  concerned,  a  complete  history  of  the  premises. 

When  new  mains  are  to  be  laid  a  map  on  the  single  street  plan  will 
serve  as  a  working  plan  for  the  foreman.  And  on  it.  as  the  work  pro- 
gresses, measurements  of  unconnected  branches  and  of  location  of 
valves  should  be  noted.  Also  make  of  valves  and  hydrants,  if  more 
than  one  kind  is  used  in  the  works,  and  kind  of  pipe,  if  any  except 
cast  iron  is  used.  When  main  is  completed,  date  that  water  was  turned 
on,  together  with  any  other  items  of  interest  connected  with  it  should 
be  noted. 

For  location  of  valves  something  even  more  explicit  and  accessible 
is  needed,  as  they  are  sometimes  needed  in  a  great  hurry. 

Diagrams,  not  necessarily  drawn  to  a  scale,  of  the  location  of  each 
valve,  giving  figures  for  distances,  will  be  found  useful.  They  should 
be  made  in  a  strongly  bound  book,  of  suitable  size  to  be  carried  in 
pocket  of  Superintendent  or  foreman,  and  accompanied  by  a  written 
description.  As  such  diagrams  are  easily  and  cheaply  made  every 
man  connected  with  the  works  who  is  intrusted  with  the  use  of  the 
valve  key  and  is  liable  to  be  called  upon  to  shut  off  water,  should  be 
supplied  with  a  copy. 

To  show  what  valves  are  needed  to  shut  off  a  given  district  and  where 
to  find  the  diagrams  of  their  location,  each  book  of  diagrams  should  be 
accompanied  with  a  small  map.  one  drawn  to  a  scale  of  800  or  1000 
feet  to  the  inch  will  answer  and  will  be  small  enough  to  carry  in  the 
book,  the  streets  shown  by  mere  lines,  those  having  mains  by  red  ones 
others  by  black — and  the  valves  by  numbers  corresponding  to  diagrams 
in    "valve  book." 

With  this  book  of  diagrams  and  map  each  man  has  ready  to  hand 
the  means,  of  quickly  finding  all  valves  necessary  to  shut  off  any  part 
of  pipe  system,  which  is  often  very  important,  for  instance,  in  the 
case  of  a  bad  break,  let  us  say  in  winter,  when  in  the  north  our  valve- 
box  covers  are  buried  under  a  foot  or  two  of  snow  and  ice,  maki  ng  it 
impossible  to  find  them,  without  exact  measurements. 

The  most  convenient  and  accurate  measurement  is  two  diagonal  lines 
taken  from  prominent  objects  on  opposite  corners  of  streets.     I    usu- 
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ally  select  the  Lamp-post  and  Five-hydrant  as  being  the  most  promi- 
nent and  permanent  objects. 

The  best  device  I  have  seen  for  mounting  large  maps  is  the  cne  in 
the  Buffalo  N.  Y.  Water  Department.  It  is  the  invention,  I  believe,  of 
Mr.  Mann,  City  Engineer.  It  consists  of  two  rollers  secured  to  the 
back  of  a  drafting  board  and  connected  together  by  gearing,  so  that 
they  turn  in  opposite  directions:  the  ends  of  the  paper  are  wound  upon 
these  rollers  the  part  on  which  the  map  is  drawn  being  exposed  on 
the  surface  of  the  board,  enough  of  the  paper  being  wound  upon  each 
roller  to  allow  for  the  required  movement  of  the  man  in  either  direc- 
tion. By  turning  a  crank  attached  to  one  of  the  rollers  the  map  is 
drawn  in  one  direction  and  at  the  same  time  pushed  from  the  other 
thus  bringing  any  part  of  the  it  convenient  position  for  examination 
or  work  without  any  strain  on  the  paper. 

Plans  or  drawings  of  Buildings,  Reservoirs,  Stand  pipes  and  other 
special  features  of  the  works,  neatly  framed,  form  a  most  appropriate 
decoration  for  walls  of  office  or  engine  room.      * 

In  undertaking  to  write  this  paper  it  was  my  intention  to  collect  and 
describe  the  various  forms  used  in  Water  Offices  for  Applications, 
Plumbers  permits.  Account  of  Water  rates  etc  But  the  great  variety 
wliich  I  found  in  these  forms  made  the  task  a  very  difficult  one  and 
would  have  made  this  paper  entirely  too  long.  So  I  will  leave  this  sub- 
ject for  someone  else  in  search  of  material  for  a  paper,  and  will 
guarantee  that  they  will  find  plenty  of  material. 

Mr.  Decker: — I  move  that  in  the  discussion  of  all  papers 
read,  the  time  of  a  member  be  limited  to  not  exceed  three 
minutes. 

Carried. 

On  motion  the  invitation  of  the  Louisville  Water  Company 
was  accepted  for  Wednesday  at  2  o'clock,  p.  m. 

The  President: — I  desire  to  make  another  announce- 
ment. The  Executive  Committee  have  concluded  that  it  will 
be  necessary  to  hold  a  meeting  this  evening  in  order  that  we 
may  get  onr  business  out  of  the  way  to  accept  these  invita- 
tions. Discussion  of  the  subject  of  Mr.  Diven's  paper  is  now 
in  order. 

f  The  President:-— If  there  are  no  remarks  to  be  made  we 
will  take  up  the  next  paper,  which  is,  ''Flushing  Street  ^Nlains" 
by  H.  W.  Ay  res. 


FLUSHING  STREET   MAINS. 


In  many  places  water  consumers  are  alflicted  at  certain  times  in  the 
year  with  impure  and  offensive  water.  In  some  cases  this  is  directly 
due  to  ignorance  or  lack  of  care  of  the  managers  of  the  system;  in 
others,  strenuous  and  apparently  intelligent  management  on  the  part  of 
those  in  charge  fails  to  produce  entirely  satisfactory  results. 
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When  the  cause  of  the  difficulty  occurs  in  the  source  of  supply  as  a 
tangible  existence,  we  have  various  adequate  means  of  controlling  it 
and  sending  the  water  pure  and  sparkling  into  the  mains:  that  is. 
provided  we  can  control  legally  our  source  of  supply,  and  meet  the 
expense  of  radical  remedy.  However,  it  often  happens  tliat  when  the 
water  at  the  intake  is  free  from  all  objectionable  features,  so  far  as  we 
can  determine  by  our  senses,  or  even  by  analysis,  it  becomes,  by  the 
time  it  reaches  the  consumer,  offensive  in  the  extreme,  both  in  appear-  ' 
ance  and  taste,  while  the  odor  is  beyond  description. 

The  cause  of  this  state  of  affairs  is  found  to  be  in  the  stagnation  of 
water  in  dead  ends  and  hydrant  branches,  a  slimy  growth  on  the  sides 
of  the  pipe,  especially  at  the  jcjints.  and  in  desposits  accumulated  in 
depressions  of  the  mains.  The  only  remedy  in  such  cases  is  a 
thorough  cleaning  of  all  mains,  dead  ends  and  hydrant  branches. 

The  accumulation  of  animal  and  vegetable  matter  in  the  hydrant 
branches  and  dead  ends  is  the  principal  source  of  trouble.  Could  these 
be  kept  clear,  and  the  water  flowing  constantly  through  the  mains,  or 
enough  to  empty  them  all  every  few  hours,  we  should  have  no  trouble 
from  impure  water  provided  it  was  pure  and  wholesome  at  the  intake, 
but  as  this  is  impossible,  we  must  resort  to  some  remedy  for  these 
injurious  conditions,  and  the  most  practical  of  these  is  flushing. 

Pipe  flushing  is  practiced  more  or  less,  with  more  or  less  satisfactory 
reaults,  by  nearly  all  water  companies;  but  for  really  efficient  results, 
the  pipe  system  must  have  been  arranged  with  reference  to  such 
requirements — and  this  cannot  always  be  conveniently  done,  especially 
in  places  where  no  sewerage  system  has  yet  been  adopted. 

For  effectually  flushing,  the  pipe  system  must  be  capable  of  division 
into  districts,  arranged  so  that  each  may  be  flushed  with  as  little  inter- 
ference as  possible  with  other  districts,  and  taking  its  water  from 
mains  capable  of  furnishing  water  in  quantities  erjual  to,  or  greater, 
than  the  discharging  capacity  of  the  blow  offs  in  the  district. 

The  location  of  blow  offs  and  their  size,  will  depend  upon  the  topo- 
graphical situation,  and  the  size  of  the  mains,  but  should  be  such  as  to 
drain  all  pipes  in  the  district,  and  to  discharge  as  great  a  volume  of 
water  as  possible,  while  yet  leaving  the  pipes  full  during  flushing,  and 
lateral  pipes  must  be  so  arranged  as  to  feel  the  draft  on  mains  with 
which  they  are  connected:  otherwise  they  are  as  bad  as  dead  ends. 

Where  it  is  practicable  to  do  so,  many  companies  prefer  to  entirely 
empty  the  pipes  of  the  district  to  be  flushed,  and  allow  them  to  remain 
so  as  long  as  possible,  in  order  that  any  foreign  substance  may  becomo 
dry,  and  be  more  easily  detached.  When  as  much  time  as  possible  has 
been  given  for  this  drying,  the  water  is  allowed  to  enter  the  pipes 
under  full  head,  and  coursing  rapidly  through  them,  is  supposed  not 
only  to  scour  their  sides,  but  to  lift  and  carry  with  it,  out  through  the 
open  blow  offs.  any  sediment  or  deposit  that  may  have  accumulated  in 
depressions. 

The  principal  objection  to  this  plan  is  the  time  required,  and  conse- 
(juent  increased  fire  risks,  and  a  lesser  is,  that  it  is  often  necessary  to 
create  a  back  current,  so  that  any  matter  not  entirely  removed  becomes 
for  a  time  more  objectionable  than  ever. 

The  more  usual  method  where  success  is  secured,  is  to  flash  without 
emptying  the  mains.  In  this  case  flushing  should  begin  with  the 
section  nearest  the  source  of  supply,  all  dead  ends  and  hydrants  having 
been  allowed  to  run  under  full  head  for  a  considerable  time.  These 
being  then  closed,  and  the  blow  offs  opened,  an  amount  of  water  equal 
to  four  or  five  times  the  capacity  of  the  pipes  is  run  off.     After  which. 


there  should  be  no  further  trouble  from  this  section  until  a  new  growth 
or  deposit  forms. 

In  this  manner  the  work  is  carried  on.  care  being  taken  to  flush  only 
from  clean  to  dirty  pipes,  until  the  whole  system  has  been  covered. 

The  best  time  for  flushing  wiU  be  found  to  be  when  there  is  a  surplus 
of  pure  water  at  the  intake,  selecting,  of  course,  such  nights  or  days  as 
show  minimum  consumption.  The  work  should  be  prosecuted  as 
rapidly  as  possible,  but  sufficient  time  must  be  given  to  insure  good 
results,  which  depend  largely  on  the  capability  of  the  pipe  system  for 
flushing,  but  more  especially  on  the  judgment  .and  intelligence  of  the 
persons  intrusted  with  its  management.  As  a  corollary  to  the  proceed- 
ing I  will  add. 

1st.  Where  the  presence  of  fish  is  suspected  in  mains  a  preliminary 
blow-ofif  flushing  should  be  given. 

2d.     Service  pipes  should  not  be  used  while  flushing  is  in  progress. 

3d.  The  main  point  is  to  get  the  most  water  through  the  mains  in 
the  shortest  time,  without  reducing  the  pressure  on  them  to  zero. 

4th.  Flushing  from  hydrants  cannot  be  depended  on  for  satisfactory 
results. 

Lastly,  it  may  be  well  to  add  that  the  number  and  size  of  blow-ofifs 
may  be  readily  calculated  from  tables  of  frictional  head.  Those  fur- 
nished by  Mr.  George  A.  Ellis,  member  of  this  Association,  with  his  ex- 
planation of  their  use,  being  well  adapted  for  this  purpose. 

The  PRESiDENT:---Mr.  Ayres  paper  is  before  you  now  for 
discussion,  and  I  wish  to  say  no  one  need  be  alarmed  because 
of  the  motion  as  to  limit  of  time;  my  watch  goes  slow  and  you 
will  not  be  cut  off  to  soon. 

The  next  paper  before  us  is  that  on  "Increased  Revenue 
from  Private  Sewerage"  bv  Mr.  C.  N.  Priddy. 


SUGGESTIONS  ON  THE   ADVANTAGES  OF    SEWER- 
AGE TO  WATER  COMPANIES. 


The  condition  of  afifairs  that  it  is  proposed  to  treat  of  in  this  com- 
munication, is  that  of  a  town  or  small  city  where  a  public  supply  of 
water  has  been  provided,  and  no  system  of  sewerage  has  been  projected, 
and  to  advocate  the  construction  of  sewers  for  the  j«rimary  purpose  of 
the  protection  of  public  health,  and  also  the  more  extensive  use  of  the 
water  supply. 

The  construction  of  water  works,  insuring  a  liberal  and  regular  sup- 
ply of  water,  admitting  of  its  free  use  for  the  luxuries,  as  well  as  the 
mere  necessities  of  domestic  life,  involves  the  establishment  of  sewer- 
age works  necessary,  to  carry  off  that  water  after  it  has  been  used. 

When  the  supply  is  procurable  only  by  means  of  manual  labor,  from 
wells  or  underground  cisterns,  the  amount  used  is  only  a  small  fraction 
of  what  is  now  considered  necessary  for  domestic  purposes,  and  the 
disposal  of  the  soiled  water  has  usually  been  by  means  of  the  most 
primitive  methods  -thrown  on  the  ground,  or  deposited  in  cesspools  - 
both  depeudin'^  upon  percolation  for  its  removal. 

Th"  ()p?n  privv  or  cesspool  is  freqaently  only  a  hole  in  the  ground, 
the  side^  and  b  )ttoni    being   the    natural    earth,    and   the   contents,  of 
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cijuir-e,  laDialy  ptimeate  the  surrounding  soil,  spreading  the  pollution 
in  each  case,  year  by  year,  over  larger  circles,  until  iinally  the  soil 
becomes  fully  saturated  with  the  sewage,  which  then  oozes  through  and 
appears  on  the  surface  of  the  ground,  and  by  evaporation  poisons  the 
air  we  breathe,  and  must  depress  the  vitality  of  the  people,  and  predis- 
pose .them  to  the  attacks  of  fatal  epidemics.  With  the  soil  thus 
saturated  with  the  impurities  incident  to  human  life,  the  rainfall  enters 
at  the  surface,  aad  passes  downward,  carrying  the  sewage  with  it,  and. 
sooner  or  later,  reaches  the  water  of  the  wells  from  which  the  people 
receive  their  daily  drink. 

Any  condition  of  affairs  that  is  sufficiently  favorable  to  produce  foul 
water  and  foul  air,  will  tend  to  develop  that  class  of  preventable  dis- 
eases known  as  filth  diseases,  the  most  familiar  in  this  country  being 
diptheria,  scarlet  fever  and  typhoid  fever. 

An  abundant  water  supply,  however  beneficial  in  providing  potable 
water,  only  aggravates  the  evil,  as  with  the  increased  facilities  for 
drawing  water  in  any  desired  quantity  for  household  purposes,  the 
consumption  of  water  increases  in  a  like  degree,  and  soon  necessitates 
a  change  in  the  method  of  its  removal.  * 

Under  the  assumjition  of  a  public  water  supply,  it  is  wholly  unnec- 
essary to  invesiigate  any  other  system  of  sewage  removal  but  the 
water-carriage  system.  This  system,  as  the  name  implies,  depends 
upon  the  trans^iorting  properties  of  water  for  the  removal  of  sewage. 
and  is  the  best  possible  method,  based  upon  the  fact  that  it  is  the  only 
system  by  which  the  rapid  and  automatic  removal  from  the  buildings, 
before  decomposition  sets  in.  of  all  the  liquid  and  semi-liquid  matter 
capaule  oi  being  carried  by  water,  can  be  obtained.  This  requires  a 
properly  constructed  system  of  pipes  and  sewers,  beneath  the  surface 
of  the  ground,  to  convey  by  gravitation  all  sewage  to  an  outlet  beyond 
the  limits  of  the  town. 

It  is  believed  by  the  author  that  where  private  corporatioHs  have 
control  of  the  water  supply,  and  the  use  of  the  water  is  rapidly  extended, 
thus  tending  to  produce  an  unsanitary  condition  in  the  town,  they 
should  be  the  first  to  initiate  and  agitate  the  necessity  for  a  system  of 
sewerage. 

It  is  not  intended  to  enter  into  a  discussion  regarding  the  system  f)f 
sewerage  which  should  be  adopted,  as  that  requires  a  special  survey, 
examination  and  study  of  all  the  conditions  incident  to  the  particular 
place:  but,  for  the  extension  of  an  existing  system,  and  the  construct- 
ion of  private  drains,  the  sytem  of  small  pipe  sewers  is  earnestly 
advocated. 

There  being  no  discussion  of  the  foregoing  paper  the  Presi- 
dent announced  "Use  of  Liquid  and  Gaseous  Fuels"  by  Mr. 
L.  H.  Gardner. 


THE  USE  OF  LIQUID  AND  GASEOUS  FUELS. 

I  preface  this  paper  by  saying  that  this  subject  was  assigned  to  me. 
I  presume,  because  I  betrayed  an  interest  in  it  at  our  last  meeting  as  an 
enquirer:  and  not  because  of  any  technical  knowledge  I  possess  con- 
cerning it.  It  has  never  been  a  habit  of  my  life  to  shirk  a  duty.  In 
performances  of  the  duty  now  in  hand  I  can  only  offer  you  the  result  of 
the  work  of  au  editor,  or    compiler  of  infoiniation  and  opinions  kindly 


placed  at  my  sex  vice  by  friends,  aiid  gathered  otherwise,  and  here 
bound  into  a  rough  fagot  which,  if  your  patience  serves,  you  may  take 
-apart  if  it  so  please  you. 

lu  the  announcement  of  this  topic,  the  first  thought  of  the  hearer  or 
reader  turns  naturally  to  Petroleum,  and  it  is  almost  of  necessity  that 
this  paper  should  most  largely  deal  with  it  as  the  most  prominent  of 
of  gaseous  or  liquid  fuels. 

What  is  Petroleum?  The  scientists  cannt)t  agree  upon  an  exhaustive 
•descriptive  reply.  It  is  natural  hydrocarbon  oil,  and  perhaps  a.s  near 
an  analysis  as  is  possible  may  be. 

Carbon  84. 

Hydrogen     14, 
Oxygen  2,-100. 

Popularly  speaking,  it  has  been  in  use.  one  way  and  another,  for 
iubout  forty  [40]  years.  About  that  time  has  elapsed  since  scientific 
men  firs  I:  considered  and  studied  the  character  of  a  dark  oily  fluid  which 
trickled  from  some  seams  in  an  English  coal  mine.  In  the  intervening 
time  it  has  been  utilized  in  chemistry  and  the  arts  to  an  extent  chal- 
lenging belief,  and  demanding  a  constantly  increasing  scientific 
nomenclature,  as  its  uses  have  been  adapted  or  expounded. 

The  abundance  of  its  supply  has,  within  the  past  twenty  years,  led  to 
■efforts  for  its  successful  use  as  a  fuel,  but  the  original  methods  have  not 
been  materially  improved  upon. 

The  romance  of  tiie  story  of  coal  and  of  petroleum  (if  we  choose  to 
•consider  tiie  two  as  of  close  kin)  is  exceedingly  attractive,  and  one 
which  I  would  like  to  follow.  My  assigned  subject  however,  instructs 
me  to  speak  only  iu  a  utilitarian  way,  and  vulgarly  and  practically  to 
consider  fuels. 

At  the  last  meeting  of  this  Association,  held  in  Cleveland,  Ohio,  two 
water  departments  reported  experiments  with  crude  oil.  Mr.  Gerecke, 
of  Chicago,  while  notprepared  with  details,  reported  adversely,  and  in 
favor  of  coal.  His  later  detailed  report  as  printed  in  proceedings, 
■confirms  the  statements  he  made  from  memory  on  the  six  months 
experiment  in  the  use  of  oil  in  the  Chicago  Water  Department.  He 
says  however,  that  the  possible  saving  of  labor  and  in  repairs,  by  the 
nse  of  oil.  do  not  enter  into  his  statement. 

The  other  Water  Department  to  which  I  have  alluded,  is  that  of  Cleve- 
land, Ohio.  Mr.  Whitelaw,  Superintendent  of  that  City  Department, 
reported  at  our  last  meeting,  an  extraordinary  evaporation  by  oil  fuel 
which  has  been  quoted  and  widely  circulated  by  the  Standard  Oil  Com- 
pany. I  have  asked  Mr.  Whitelaw  for  the  comparison  in  dollara 
and  cents  between  the  result  of  coal  and  oil  fuel.  He  kindly  gives 
me  the  following: 

"The    following    calculations    show    the   relative  value   of  coal   and 

petroleum  as  fuel  for  making  steam  as  determined  by  trial  with  oil    at 

the  Water  W^orks  pumping  station  on  Division.  St.,  beginning  at   1.4.5 

)  P.  M  Sept  30th  and    terminating  at  7.45 P.  M.  Oct.  2,  being  ,54   hours, 

or  2I4  days. 

COAL    FUEL. 

Coal  Consumed:  Average  for  1886, 8000  lbs.  per 

M.  G.  333^    tons  at   $1.35 45.56 

Labor,  one  firethAn,  54  hours  at  23  ct 12.42 

Coal  Wheelersi2X  days    at  §1.66:"^^ 3.75 

Hauling  AsbfeS',  1*  day'. 2.75 

Cost  of  pumping    22! 2  million  gallons §64.48 
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OIL    FUEL. 

Oil  Consumed,  6131  Gals,  at  1140! .  $76.64 

Labor,  one  man,  half  of  54  hours-27  hoars  at  IS^^ct  4.95 

Cost  of  pumping  22I2  million  gallons $81.59. 

Difference  in  54  hours  or  2%  days $17.11. 

Difference    per    day $7.60 

"  one  year  for  one  battery  of  boilers $2274.00 

'•  per  million    gallons .75c 

"  one  year,  pumping 

20  millions  gallons  per  day $5475.00 

In  this  connection  it  is  suggestive  that  Chicago  and  Cleveland  enjoy 
unusual  advantages  in  the  matter  of  practical  proximity  to  both  coal 
and  oil  fields. 

It  is  claimed  by  the  friends  of  crude  oil  that  three  barrels  of  42  gallons 
each,  equal  and  slightly  exceed  the  heating  capacity  of  one  ton  of  good 
coal.  This  claim  is  confirmed  by  several  large  manufacturing  estab- 
lishments. This  conceded,  the  average  steam  user  has  only  to  consult 
his  local  coal  market  in  the  light  of  competition.  In  adopting  crude 
oil  he  may,  under  average  conditions,  and  at  cost  for  cost,  in  the  light 
of  the  reports  I  have  read,  gain  a  saving  of  the  labor  of  firemen  or 
stokers.  I  cannot  go  so  far  as  to  include  cleanliness,  for  I  have  not 
seen,  nor  have  I  heard  of  a  fire  room  where  oil  is  used,  that  is  either 
clean  or  sweet  smelling.  On  the  contrary,  waste  oil  is  everywhere 
about  such  furnaces,  and  the  neighborhood  is  perfumed  from  early 
morn  to  dewy  eve.  and  until  morning  comes  again,  and  not  only  with 
this,  but  with  the  language  of  denunciation  in  the  vicinity,  which  hath 
a  sulphurous  flavor  and  which  doth  not  savor  of  piety. 

A  large  manufacturing  establishment  in  New  Orleans,  some  time  ago. 
attempted  the  use  of  crude  oil  as  a  fuel.  At  about  the  same  time  a 
newly  married  couple  in  whom  lam  interested — a  lusty  youth  and  a 
charming  bride,  moved  into  pretty  quarters  in  the  immediate  vicinity. 
Almost  at  once  upon  their  settlement,  happiness  seemed  to  fade  and 
vanish  from  the  new  home,  and  as  months  rolled  by.  hope  seemed  to 
wither  like  an  Autumn  leaf  upon  a  deciduous  bough.  Unable  to  con- 
trol or  forbid  the  use  of  the  villainous  oil,  whose  fumes  poisoned  the 
air.  a  few  friends  procured  the  passage  of  a  City  Ordinance  which 
forbids  the  escaping  gases  to  float  over  the  little  home  to  which  I  have 
alluded.  As  a  result,  happiness  shines  once  more  upon  the  young 
household,  and  hope  swells — but  pardon  me;  I  am  wandering  from  my 
subject. 

While  upon  the  subject  of  smell,  let  me  say  that  some  claim  it  is  due 
to  leakage  in  the  storage  tanks  or  in  conveying  pipes.  Others  claim 
it  due  to  imperfect  combustion.  I  incline  to  the  latter  view  although 
the  London  Warehouse  Company  report  a  heavy  percentage  of  loss  by 
evaporation  through  the  wood  of  the  barrels.  Accomplishment  of 
perfect  combustion  is  not  dependent  upon  any  special  form  of  burner, 
nor  to  atomizing  preferably  by  steam  or  by  air.  But  the  air  and  the 
steam  systems  each  have  their  advocates  and  supporters,  and  oppose 
each  other.  This  desirable  perfect  combustion  is  dependent  upon 
physical  laws  in  supplying  the  necessary  elements  requisite  for  the 
purpose,  and  is  a  subject  now  occupying  the  attention  of  many  stu- 
dents and  inventors.  It  is  admitted  that  the  appliances  now  in  use  for 
burning  oil  have,  to  say  the  least,  not  reached  the  limit  of  perfection, 
or  that  under  equal  conditions  oil  caii  everywhere  compete  with  coal. 
Unfettered  by  '"Trusts"  it  might  perhaps  do  so. 
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I  have  visited  many  Water  Works  plants  and  large  manufacturies 
during  the  last  few  years,  and  have  been  struck  by  the  careless  hand- 
ling of  coal  to  the  furnace; — otherwise  stated,  the  reckless  firing  and 
waste  of  fuel.  Now,  under  such  circumstances,  any  attempt  at 
improvement  or  economy,  whether  in  furnaces  or  in  grate  bars,  or  in 
change  of  fuel,  is  hedged  about  with  a  carefulness  in  trial  which  did 
not  characterize  the  pre-existing  conditions  or  practice.  That  care- 
fulness goes  always  to  the  credit  of  the  new  system. 

My  own  judgment  is,  that  a  good  article  of  coal,  handled  by  trained 
firemen  held  responsible  under  proper  rules,  with  the  checks  of  an 
automatic  pressure  guage,  of  the  automatic  register  of  a  boiler  feeder, 
and  accurate  measurement  of  coal  to  the  boilers; — in  other  words, 
with  a  good  system  of  record  and  a  trusty  engineer  to  keep  the  record, 
it  can  be  demonstrated  that  in  W'^ater  Works  practices,  coal  is,  to  say 
the  least,  quite  as  economical  a  fuel  as  petroleum  under  existing  condi- 
tions of  competition. 

I  do  not  find  that  oil  is  anywhere  used  as  a  fuel  simply  by  economical 
preference.  I  think  I  can  discover  special  reasons  why  oil  should 
be  used  under  some  circumstances  rather  than  coal,  even  at  superior 
cost.  An  extensive  correspondence  on  the  subject  develops  to  my 
satisfaction  that  as  a  fuel  for  steam  purposes  only,  the  economies  are 
liberally  stated  in  the  relative  cost  of  the  fuel  and  labor.  Otherwise 
stated,  oil  may  be  preferable  where  intensity  of  heat  and  the  entirely 
steady  maintenance  thereof,  subject  to  quick  control,  is  desirable. 

This  can  be  automatically  achieved  by  the  use  of  oil,  and  it  is  therefore 
commended  to  Electric  Light  plants.  Gas  Works.  Iron  and  Steel  Works, 
Glass  W^orks,  etc.,  very  many  of  which  establishments  endorse  the  use 
of  oil  as  preferable  to  coal.  For  instance,  Maj.  Castle,  Supt.  of  the 
Barber  Asphalt  Paving  Co.  with  several  large  plants  in  the  United 
States,  finds  an  economy  in  the  use  of  oil  amounting  to  over  thirty  per 
cent  over  coal.  This  economy  is  incidental  to  the  character  of  the 
business.  An  accuracy  in  intensity  and  quick  control  of  applied  heat 
is  essential,  whether  in  treating  the  sand  used  or  in  the  distillation  of 
the  crude  asphalt.  In  using  coal,  fires  often  have  to  be  drawn  and 
furnace  doors  thrown  open,  and  often  without  relief — entailing  labor, 
loss  of  fuel,  and  the  ruin  of  valuable  material.  Of  course,  he  finds  oil  a 
more  economical  fuel  than  coal. 

At  the  late  meeting  of  the  National  Association  of  Brickmakers  at 
Memphis,  Tenn.  Mr.  S.  P.  Crafts  read  a  paper  from  which  I  extract 
the  following.  After  a  comparison  as  between  wood,  coal,  gas,  and  oil. 
and  carefully  considering  them,  he  says: 

"From  this  it  seems  that  there  is  very  little  difference  between  the 
cost  of  coal  and  oil  unless  some  other  consideration  intervenes.  You 
may  keep  your  bricks  at  a  dull  red  for  any  length  of  time,  and  fail  to 
bU^n  them  hard;  but  if  you  can  in  a  shorter  time,  with  oil,  get  the 
requisite  temperature,  then  you  do  the  work  in  less  time  and  at  a 
saving  of  fuel.  It  seems  to  me  that  in  this  shortening  of  time  and 
saving  thereby  is  the  principal  argument  in  favor  of  oil  over  coal." 

Mr.  Crafts  in  his  paper  further  says  that  he  does  not  think  the  same 
argument  or  economy  will  hold  good  when  the  two  fuels  are  compared 
in  use  under  boilers. 

Further  to  illustrate  the  difference  between  steam  users  and  the  other 
consumers  alluded  to  and  the  relative  economies:  In  a  discussion  on 
the  .subject  last  fall  in  the  Franklin  Institute  it  was  stated  that  a  cer- 
tain Philadelphia  manufacturer  had  enjoyed  the  free  use  of  gasoline 
for  generating  steam,  from  some  pretroleum  factory.  Later,  the 
manufacturer  was  asked  to  pay  for  it.     After  consideration,  he  decided 
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oa  grbniid's  of  economy  to  use  coal  at  the  market  price  rather  than  pa  v" 
anything  at  all  for  gasoline. 

In  Pennsylvania,  with  oil  at  30c.  per  barrel,  it  has  been  shown  that  it 
costs  nearly  lifty  per  cent  niore  to  move  a  train  of  cars  100  miles  by 
means-  of  oil  than  when  burning  coal.  Coal  and  oil  are  equally 
accessible,  and  at  the  lowest  prices  in  that  State,  and  the  great 
Pennsylvania  Railway  still  burns  coal. 

The  attention  now  being  given  to  this  subject  throughout  the 
country,  is  something  wonderful.  Hundreds  of  thousands  of  dollars- 
have  been  spent  by  private  parties  in  experiments,  and  patents  are 
being  continually  applied  for  in  this  connection.  Something  like  fifty 
burner.s  are  on  the  market,  and  with  more  to  follow. 

As  to  safety.  It  is  claimed  that  the  iiseof  oil  may  be  deemed  entirely 
safe  on  land.  Prominent  insurance  companies  however  are  watching; 
it  jealously,  and  its  delivery  by  gravity  to  the  furnace  is  for  the  most- 
part  forbidden.  In  quarters  of  high  authority  it  is  denied  that  any 
explosion  or  conflagration  has  ever  been  consequent  upon  its  use.  The 
most  notable  case  differing  from  this  statement  is  the  Steamer  "Julia" 
disaster  at  San  Francisco  in  the  past  year.  She  used  oil  for  fuel.  She 
was  a  large  ferry  boat  of  407  net  tonnage,  owned  by  the  Southern 
Pacific  R.  R.  Co..  plying  between  South  Yallejo  and  Yallejo  -Junction. 
The  boat  was  shattered  from  end  to  end  by  the  explosion.  Thirty-four' 
persons  were  killed,  and  twenty-two  more  or  less  seriously  injured. 
Only  three  persons  on  board  escaped  serious  injury,  and  the  financial 
loss  was  a  quarter  of  a  million  dollars.  The  Coroner's  jury  censured 
the  United  States  Inspector  for  allowing  the  use  of  oil  as  a  fuel  on 
vessels.  This  officer  (H.  S.  LAil)bock)  reported  to  the  United  States 
Treasury  Department  that  the  disaster  was  caused  by  tne  explosion  of 
gases  which  had  accumulated  in  the  fire  box  of  one  of  the  boiler?. 
This  report  was  followed  by  an  order  of  the  Treasury  Department'' 
for'-idding  the  use  of  Petroleum  as  a  fuel  for  large  boilers  on  steam 
vessels. 

As  to  Suppt]h  The  limit  of  supply  of  oil  is  a  question  of  some  inter- 
est in  this  connection.  This  may  be  considered  in  the  sense  of  the 
actual  and  of  the  possible.  In  this  day  of  consolidated  "trusts,"  we 
never  actually  know  what  either  may  be.  Outside  the  Ametican  fields, 
think,  if  you  plea>e.  of  a  Russian  well  spouting  2.750,000  gallons  a  day 
to  a  height  of  224  feet  and  the  owner  of  this  well,  instead  of  being 
enriched,  becoming  bankrupt  h\  reason  of  the  damage  suits  of  his 
neighbors.  The  oil  king  could  not  store  his  oil  but  had  to  let  it  deluge 
and  ruin  the  adjacent  property.  Three  or  four  years  ago,  the  excess 
of  American  production  over  consumption  had  accumulated  to  the 
extent  of  39  million  gallons,  stored  in  tanks.  The  surplus  production 
is  now  being  reduced  by  some  10.000  barrels  per  day.  The  total  yield 
is  said  to  be  something  over  70.000  barrels  a  day.  In  Russia  the  aver- 
age flow  in  the  Baker  region  is  88.000  gallons  per  day.  With  increasing 
Railway  facilities  in  Russia,  it  is  possible  that  the  Russian  product  wiU 
liot  only  displace  American  oil  in  European  markets,  but  even 
invade  America  in  competition.  It  remains  for  American  inventive 
genius  to  come  to  the  aid  of  both  producers  and  consumers  in  showing 
them,  in  the  light  of  its  present  abundance,  how  oil  may  economically 
compete  with  coal  as  a  fuel. 

So  far  I  have  spoken  only  of  gaseous  fuel  in  connection  with  petrol- 
eum. Allusion  to  natural  gas  would  not  perhaps  be  strictly  germane 
to  the  subject  assigned  to  me;  first,  because  the  field  of  its  uses  is 
limited,  and  secoJid.  because  the  duration  of  its  supply,  at  least  ir  a 
competitive  sense,  is.  in  the  minds  of  many  scientists,  problematical. 
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Among  these  is  the  eminent  authority  of  Mr.  Selwyn  Taylor  C.  E.  of 
Pittsburg.     He  favors  me  with  the  following: 

"I  wduld  say  the  amount  of  gas  produced  within  a  radius  of  forty 
miles  of  Pittsljurg  is  to-day  not  more  than  GO  per  cent  of  that  produced 
two  years  ago.  while  the  number  of  producing  districts  is  one  third 
more,  and  the  actual  number  t)f  wells  nearly  twice  as  many.  What  I 
have  said  relates  almost  solely  to  our  own  district;  but  what  is  true  of 
it  will  certainly  apply  to  others.  Our  most  eminent  authority  on  such 
matters  in  Pennsylvania  is  perhaps  Professor  J.  P.  Lestly :  State  Geolo- 
gist; who  is  firmly  of  opinion  that  the  life  of  our  natural  gas  supply  is 
very  limited. 

"Crude  petroleum  is  being  used  to  a  limited  extent  by  the  Penna. 
Central  R.  R..  as  a  fuel,  but  with  what  economic  results  I  cannot  say. 
It  has  been  used  on  only  a  few  locomotives,  and  that  for  some  time: 
and  the  fact  that  it  has  not  been  generally  introduced  is  perhaps 
conclusive  that  uotliing  is  to  be  gained  over  coal  in  using  it  as  a  fuel. 
It  is  a  stereotyped  expression  with  Pittsburgh  people  "We  will  never 
go  back  to  coal:"  but  when  you  ask  what  will  be  used  instead,  the 
answer  is.  "We  will  make  gas  from  oil  or  water."  To  accomplish  this 
last  result,  the  Electric  Fuel  Gas  Co..  of  Pittsburgh,  was  established. 
Some  of  the  best  engineers  and  mechanics  in  the  world  have  been 
engaged  by  them,  and  after  years  of  labor,  they  appear  no  nearer  the 
desired  result  than  at  the  beginning." 

The  views  of  this  gentleman  are  particularly  interesting  and  valuable 
because,  "in  addition  to  his  scientific  attainments  he  resides  in.  and  is 
familiar  with  a  region  of  country  which,  rather  than  any  other,  presents 
the  economical  merits  of  natural  gas.  petroleum  and  coal,  upon  a  fair 
plane  of  competition.  He  is  decidedly  of  the  opinion  "that  with  the 
enormous  quantities  of  coal  easily  and  cheaply  produced,  it  will  still 
be  the  fuel  of  at  least  the  next  century,  although  the  method  of  con- 
verting that  fuel  to  use  as  power  will  perhaps  speedily  change." 

Following  this  suggestive  expression  of  opinion,  which  is  almost 
prophetic,  I  would  say  that  there  remains  a  most  interesting  #eld  for 
invention  and  the  application  of  gaseous  fuel.  I  allude  specially  to  the 
production  of  gas  from  coal,  on  private  premises,  and  the  use  of  that 
gas  as  a  fuel. 

In  one  large  city  of  this  country  two  extensive  manufacturing 
establishments  are  using  gas  as  a  fuel,  which  gas  is  generated  on  their 
own  premises  from  an  inferior  article  of  coal.  So  great  is  the  economy 
developed,  that  the  manager  of  one  of  these  establishments  told  me 
that  it  amounted  to  over  fifty  per  cent  as  against  the  best  bituminous 
coal,  and  that  a  vein  of  natural  gas,  if  known  to  underlie  the  plant, 
would  not  tempt  him  to  tap  it. 

And  yet  neither  of  these  large  fuel  consumers  is  ready  unqualifiedly 
to  epdorse  this  fuel  thus  generated,  for  economical  use  under  boilers 
and  for  the  purpose  of  the  generation  of  steam  alone. 

And  yet  I  have  reason  to  think  and  to  believe  that  when  slack  coal 
can  be  bought  at  a  trifling  price,  compared  with  the  best  quality  of 
coal,  it  can  be  converted  into  gas  by  some  simple  process  and  so  its 
entire  value  utilized  as  fu?l.  I  incline  to  this  as  an  economical  alter- 
native rather  than  tht-  use  of  petroleum  as  now  used. 

So  far,  after  a  faithful  study  of  all  the  accumulated  data  and  infor- 
mation before  me,  and  speaking  to  and  in  behalf  of  steam  users.  I 
incline  to  the  belief  that  nothing  as  a  fuel  is  to-day  superior  to  first 
class  bituminous  coal.  The  Superintendent  however,  or  the  Chief 
Engineer,  should  see  that  the  coal  goes  under  the  boilers  in  a  proper 
manner.     I  woald  ask  no  larger  fortune  than  one  third    of  the    nresent 
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waste  of.coal  in  connection  with  the  Water  Works  Plants  of  the  United 
States  for  one  year. 

Mr.  Diven: ---While  in  Cleveland  I  had  an  opportunity  to 
go  through  a  large  Oil  Company's  works,  and  I  saw  crude 
oil  being  burned  there  to  a  limited'  extent  for  fuel,  perhaps 
in  a  half  a  dozen  cases  they  were  using  crude  oil,  but  at  the 
pipe  line  pumping  station  they  use  coal  entirely.  Now,  they 
have  crude  oil  to  give  away,  to  throw  away,  it  is  waste,  and 
yet  they  find  coal  cheaper  to  use. 

Mr.  joxF.s:---Col.  Gardner  alluded  to  having  seen  gas  made 
out  of  coal.  He  refers  to  the  pipe  manufacturing  company 
of  Shickle  Harrison  &  Howard  of  St.  Louis.  I  had  occa- 
sion to  investigate  the  matter  to  some  extent.  They  propose 
when  they  perfect  arrangements  to  manufacture  the  appa- 
ratus and  make  the  application  of  it  as  a  business,  as  a  factor 
in  their  business.  I  do  not  know  that  I  can  explain  the 
process  better  than  to  say  that  there  is  a  large  cylinder, 
perhaps  twelve  feet  in  diameter  and  about  fourteen  feet  high. 
The  coal  is  delivered  at  top  which  is  closed  with  a  •conical 
shaped  stopper  from  the  under  side  by  means  of  a  chain; 
that  stopper  is  lowered  and  the  coal  distributed  evenly  all 
around.  From  this  the  gas  is  made  and  forced  out  by  means 
of  a  blow  pipe  into  a  furnace  and  carried  immediately  under 
their  oven.  They  told  me  it  made  a  saving  of  at  least  fifty 
per  cent,  and  so  anxious  were  we  to  have  such  an  apparatus 
that  I  "told  them  we  would  give  them  the  chance  to  build 
four  such  plants  for  us  when  they  were  ready,  but  they  are 
not  ready  yet;  they  are  simply  experimenting  with  it.  A 
short  time  ago  I  stopped  over  to  see  it  again  and  was  told 
that  they  are  making  some  progress,  but  it  is  so  far  from 
perfection  in  their  own  estimation  they  are  not  disposed  to 
proceed  with  the  work  until  they  know  more  about  it.  It  is 
a  very  interesting  idea  of  first  making  gas  out  of  coal  and 
then  using  the  gas  for  heating.' 

Mr.  Darling:  I  would  say  that  I  have  had  no  experience 
with  oil  or  gas.  We  use  in  the  east  hard  coal,  as  it  is  called, 
but  it  w^as  my  fortune  on  my  journey  here  to  drop  off  at 
Pittsburg  and  spend  the  day  there  out  of  curiosity  to  see  this 
natural  gas  business,  and  I  will  assure  you  it  was  a  curiosity  to 
see  it.  There  is  a  boiler  room  there  containing  a  battery  of 
'  eighteen  horizontal  boilers,  having  an  eight  inch  pipe  running 
along  the  face  with  connections,  four  and  six  inch,  under  each 
boiler.  .  A  gentleman  was  sitting  at  the  door  of  the  engine 
room  with   a  small    guage    befoie    him   which  indicated  the 
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steam  pressure,  he  had  convenient  to  his  hand  a  cord  which 
was  connected  to  the  valve  controlling  the  gas.  There  he 
sat  as  independently  and  deliberately  as  he  could,,  quietly 
smoking  his  cigar,  if  he  wanted  to,  with  nothing  to  do  except 
to  pull  the  cord  a  little  either  way  to  regulate  the  steam. 
One  of  the  most  peculiar  features  of  it  was,  there  was  not  a 
man  in  the  boiler  room.  It  struck  me  as  interesting  from  the 
fact  that  usually  with  such  a  long  line  of  boilers  you  see  quite 
a  number  of  coal  heavers.  Of  course,  they  expressed  them- 
selves as  perfectly  satisfied  with  the  results  received  to  the 
present  time.  It  bids  fair  to  extend  into  the  future,  but  how 
long,  is  a  matter  to  be  decided.  It  is  confined  mostly  to  that 
section,  and  its  utility  will  necessarily  be  circumscribed  until 
new  gas  wells  are  found  in  other  sections  of  the  country. 
But  it  certainly  was  as  interesting  a  thing  as  I  have  seen  in 
quite  a  while,  and  I  would  simply  say  that  if  any  of  you  visit 
that  territory  you  will  be  amply  repaid  by  going  to  see  it. 

jSIr.  Donahue:  I  understand  Mr.  Gardner  to  say  that 
crude  oil  costs  to  pump  22,000,000  gallons  of  water  at  Cleve- 
land S81.00  as  against  $64.00  for  coal.  I  would  like  to  ask 
him  how  much  per  bushel  or  ton  that  coal  was  and  what  price 
the  oil  was  figured  at.  Of  course,  we  are  not  all  blessed  with 
cheap  coal. 

Mr.  Diven:     Nor  cheap  oil  either. 

Mr.  Gardner:  Mr.  Whitelaw  reported  the  cost  of  his 
coal  as  $1.35  a  ton,  and  oil  1^4  cents  per  gallon;  the  friends 
of  crude  oil  claim  that  three  barrels  of  42  gallons  each,  equal 
and  slightly  exceed  the  heating  capacity  of  one  ton  of  good 
coal. 

Mr.  Diven:  It  would  take  $2.50  for  coal  as  against  the 
oil.     Now,  the  question  is  how  much  you  would  save  in  labor. 

A  Member:  It  seems  to  me  the  wear  and  tear  of  the  boiler 
ought  to  be  taken  into  consideration;  I  have  heard  no  state- 
ment of  that  fact  yet.  As  far  as  I  know  the  experiment  has 
not  been  tried  long  enough  to  find  that  fact  out  but  it  seems 
to  me  that  it  would  be  important. 

Mr.  Diven:  It  is  quite  evident  that  the  heat  on  the  boiler 
would  be  better  than  with  coal.  In  firing  coal  you  are  apt  to 
run  the  steam  up  and  down;  you  can't  keep  an  even  pressure. 
In  Pittsburg,  with  natural  gas  they  tell  me,  the  steam  pressure 
does  not  vary  two  pounds  from  one  year's  end  to  the  other. 
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Mr.  Russkll:  I  have  been  looking  into  the  question  of 
oil  and  coal  myself  of  late,  and  am  much  interested  in  the 
subject.  As  to  making  gas  from  coal  and  using  it  under  the 
boilers  I  have  been  told  that  it  gives  a  very  good  evaporation 
in  some  cases,  but  have  not  been  able  to  learn  whether  we 
could  get  the  same  steaming  capacity  in  the  boiler  as  with  the 
coal  burning  direct.  I  am  very  much  inclined  to  think  that 
if  we  are  going  to  burn  gas  under  the  boiler  we  will  have  to 
use  larger  boilers.  I  am  not  prepared  to  state  that  positively 
until  I  have  investigated  further,  but  that  is  my  opinion.  It 
is  shown  in  some  experiments  by  French  authorities  that  a 
gas  flame  will  not  radiate  as  large  2^  per  centage  of  its  heat  as 
a  coal  fire.*  When  you  burn  coal  direct  under  the  boiler  you 
get  a  large  radiation  from  the  glowing  coke,  as  is  seen  by  com- 
paring the  evaporation  per  square  foot  of  healing  surface  of 
fire  box  with  that  of  flues.  The  histories  of  many  smoke  coii- 
siwiing  devices  bear  witness  that  radiation  is  not  to  be  shut 
off  with  impunity.  I  think  you  will  find  that  gas  will  not  do 
as  much  work  as  coal  with  the  same  boiler. 

Mr.  Oliphant:  In  Widmar's  mill  they  have  been  using 
oil  for  the  last  six  months,  and  as  our  brother  said,  they  w-ere 
not  sure  about  it---that  is  the  capacity  of  oil  and  coal.  They 
had  nine  boilers  running  with  coal  and  they  are  doing  the 
same  work  now  with  seven  with  oil;  but  the  drawback  to  oil 
is  its  liability  to  explode.  On  the  first  two  or  three  days  run 
there  was  one  of  the  boiler  walls  blown  down  by  an  explosion 
of  the  oil.  That  was  caused  by  shutting  the  damper  on  the 
gases.  But  I  think  the  paper  that  has  been  read  is  one  of 
great  importance  to  all  individuals  interested  in  steam,  and  it 
ought  to  be  piinted  and  a  copy  sent  to  each  member  of  this 
associaiion  for  their  study  after  leaving  here.  It  is  a  very 
valuable  paper  and  contains  a  great  deal  of  information  of 
importance  to  all  steam-users. 

Mr.  Skixner:  Although  I  am  not  a  member,  I  will  take 
the  liberty  of  stating  one  or  two  facts  that  may  possibly  be  of 
interest.  In  1884  or  1885  a  pretty  large  plant  was  established 
at  Montreal  for  manufacturing  purposes.  $450,000  was  in- 
vested in  heavy  machinery  driven  by  twenty-three  or  twent\  - 
five  individual  engines.  There  were  also  three  or  four  large 
furnaces  for  heating  iron   for  welding.      The    fuel  for  all  pur- 

♦Peclefs  experiments  show  that  a  charcoal  fire  radiates  50  ptr 
cent,  of  the  heat  generated,  vrhile  an  oil  flame  gives  off  only  20  per 
cent,  by  radiation,  80  per  cent,  of  the  heat  generated  being  carried  off 
by  the  gaseous  products  of  combustion. 


poses  of  heating  was  supplied  by  gas  manufactured  from  coal 
---Nova  Scotia  slack;  my  impression  is  it  costs  Si.oo  to  $1.20 
a  ton;  I  am  not  prepared  to  say  now  much  was  used  but  it 
was  very  considerable.  That  process  has  been  in  use  ever 
since.  I  saw  the  chief  engineer  a  few  days  ago  and  he  said 
it  was  still  giving  good  satisfaction.  One  point  that  has  not 
been  mentioned,  is  that  gas  can  be  made  from  a  very  inferior 
quality  of  coal  as  well  as  from  very  fine  slack,  and  in  places 
where  there  is  a  great  deal  of  slack  it  might  be  worth  consid- 
eration on  that  account. 

Mr.  Darling:  I  understand  we  have  a  gentleman  present 
who  has  used  natural  gas  for  two  years,  Mr.  Hamilton,  from 
whom  we  should  be  glad,  to  hear 

Mr.  H.'^milton:  Our  experience  with  natural  gas  in  the 
last  two  years  has  been  very  favorable.  It  is  easier  on  the 
boilers  and  gives  a  \ery  steady  steam  pressure.  We  use  an 
automatic  regulator,  which  regulates  the  amount  of  steam. 
The  steam  I  do  not  sup])Ose  varies  two  pounds  in  twenty-four 
hours.  Then,  there  is  the  absence  of  soot  on  theboiler,  which 
I  think  makes  it  more  effective;  the  boilers  are  perfectly  clean 
---not  a  particle  of  soot  on  any  part  of  them. 

Mr.  Gardner:  If  the  discussion  is  now  closed  I  desire  to 
say  a  word  to  the  assembly.  You  must  all  have  been  struck 
and  interested  in  the  matter  of  citations  of  legal  decisions 
which  were  given  by  the  president  this  morning.  In  that  con- 
nection I  would  say  that  two  valuable  and  interesting  papers 
were  read  by  Mr.  Denman  at  the  Minneapolis  meeting  on  the 
subject  of  the  "Legal  relations  existing  between  Water  Works 
companies  and  the  consumer,"  and  the  subject  "Is  water 
property."  Mr.  Denman  has  been  considerate  enough  to 
have  these  printed,  and  he  has  a  number  of  surplus  copies 
which  he  will  be  very  glad,  I  am  told,  to  give  to  any  mem- 
bers of  the  association  who  may  desire  them  and  who  will 
write  t^  him  asking  for  them  I  would  advise  you  to  do  so 
for  I  do  not  know  of  any  more  valuable  papers  that  have  been 
presented  before  this  association  than  these.  I  am  corrected 
by  Mr.  Denman,  who  says  this  edition  was  printed  by  the 
association. 

The  Secre'iarv:  I  am  in  receipt  of  a  telegram  from  Mr. 
George  H.  Chandler  stating  that  the  death  of  his  wife  causes 
his  absence. 

Mr.  CtARDNER:  I  dislike  to  seem  to  take  up  so  much  of  the 
time  of  the  association,    but    a   gentleman  has  brought    to  my 
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recollection  a  matter  which  the  secretary  has  asked  me  to 
bring  before  you.  It  is  this:  Are  the  papers  read  at  our 
annual  meetings  to  be  given  out  for  publication  before  our 
proceedings  are  issued,  or  not?  What  is  the  policy  that 
should  govern  us  in  the  matter?  There  are  two  sides  to  the 
question.  I  have  at  this  meeting  given  a  copy  of  my  paper 
to  one  of  the  papers  represented  here,  and  I  was  flattered  by 
the  request.  It  has  been  done  before.  Tlie  practice  may 
operate  to  our  advantage  and  it  may  operate  to  our  disad- 
vantage, and  we  should  know  what  rule  should  govern  mem- 
bers in  the  matter.  I  should  like  to  have  an  expression  of 
opinion  on  the  subject  so  that  writers  as  well  as  the  secretary 
may  be  guided  hereafter.  In  order  to  raise  the  point  for 
debate  I  move  that  the  matter  be  left  to  the  discretion  of  the 
secretary. 

Mr.  Doxhaue:  I  don't  know  whether  I  understood  Mr. 
Gardner  correctly.  Does  he  refer  to  having  these  papers 
printed  on  separate  sheets  or  reported  in  the  local  papers? 

Mr  Gardner:  I  mean  the  policy  or  propriety  of  furnish- 
ing the  technical  journals  with  copies  of  the  papers  read 
before  our  association  in  advance  of  the  publication  of  our 
proceedings.  I  have  no  earthly  objection  to  it,  and  I  have 
no  word  to  say  for  or  against  it;  I  simply  wish  to  know  what 
shall  govern  the  association.  Does  any  one  know  what  rule 
governs  the  Society  of  Civil  Engineers  in  this  respect? 

Mr.  Cameron:  I  think  inasmuch  as  the  reporters  are  here 
and  can  take  steps  to  get  these  papers,  there  is  no  reason  why 
they  should  not  have  them  first  as  last:  in  any  event  they  can 
get  them  during  the  session  of  this  meeting,  and  besides  we  are 
very  much  interested  in  reading  these  papers  long  before  they 
are  published  in  the  report  of  the  association.  I  am  in  favor 
of  having  these  papers  given  hs  as  soon  as  possible  and  if  we 
can  get  them  through  the  daily  papers  or  periodicals  I  think 
they  ought  to  have  them. 

The  Secretarv:  I  desire  to  say  that  as  far  as  my  con- 
nection with  this  question  is  concerned  I  have  always  gone 
on  the  broad  theory  that  this  association  was  organized  as  a 
public  benefactor,  as  a  benefit  to  ourselves  and  for  the  benefit 
of  our  fellow  water  works  superintendents.  With  that  idealn 
view  I  have  always  in  the  past,  where  it  was  asked,  furnished 
the  papers  to  the  technical  journals.  On  one  or  two.  occa- 
sions that  course  has  been  rather  questioned  and  I  requested 
Mr.  Gardner  to  have  it  decided.      It  has  been  left  to  me  for 
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"nine  years,  but  1  prefer  to  do  it  hereafter  under  the  sanction 
of  the  association,  if  it  shall  see  fit. 

Mr.  Skinner:  In  regard  to  Mr.  Gardner's  question  as  to 
the  custom  prevailing  in  the  Civil  Engineers  Society  I  can  say 
positively  that  the  technical  journals  are  permitted  to  make 
the  fullest  possible  abstracts.  Any  one  can  attend  the  meet- 
ings and  make  as  full  reports  as  they  choose-.  The  secretary 
of  the  society  invariably  presents  to  any  accredited  technical 
journal  who  requests  it  the  paper,  or  copy  of  it,  or  facilities 
for  making  extracts  as  completely  as  may  be;  as  long  as  it  is 
accurately  abbreviated  it  is  all  right. 

Mr.  Diven:  I  understand  Mr.  Gardner's  motion  to  be  to 
leave  it  to  the  discretion  of  the  secretary  whether  the  papers 
be  given  out  or  not.      I  second  that  motion. 

^Mr.  C.4MERON:  I  offer  an  amendment  to  that  resolution, 
that  the  secretary  be  instructed  to  let  these  journal  have  them 
whenever  requested. 

Mr.  Donahue:  I  agree  with  Mr.  Cameron;  I  think  it  is 
to  ovir  advantage  to  have  these  reports  published  as  soon  as 
possible,  and  if  the  papers  are  courteous  enough  to  take 
notice  of  them  it  is  a  benefit  to  us  all  because  we  would  like 
to  look  over  these  papers  as  soon  after  the  convention  as 
possible.  When  we  get  to  read  them  in  the  regular  report 
our  attention  is  likely  to  be  distracted  by  other  things 
and  we  lose  certain  points.  I  do  not  think  it  would  lessen 
our  interest  in  the  annual  report  because  we  will  always  have 
that  report  to  refer  to,  and  I  think  if  the  newspapers  are 
courteous  enough  to  publish  the  reports  without  any  expense 
to  the  association  we  ought  to  feel  very  much  gratified  and 
under  obligations  to  them- 

The  President:  The  motion  as  amended  is  that  the  sec- 
retary be  directed  to  furnish  copies  of  these  papers  to  repre- 
sentatives of  the  various  scientific  papers. 

Mr.  Gardner:     Who  is  to  pay  the  ex])ense  of   this  work? 

Mr.  Cameron:  The  custom  has  been  for  the  gentlemen 
who  read  papers  to  furnish  extra  copies  to  the  press,  so  there 
will  be  no  expense,   (laughter). 

The  motion  as  amended  being  put,  was  carried. 

The  President:  We  have  some  little  time  left  before  the 
hour  of  adjournment,  and  it  has  been  suggested  that  the  ques- 


tion  box  be  opened.     If  any  of  you  have  interesting  questions 
you  would  like  to  discuss  present  them  to  the  secretary. 

The  Secretary:  I  have  one  question  here  that  has  been 
|)resented:   "How  do  you  stop  the  waste  of  water?" 

A  Member:      Shut  the  water  off.   (laughter). 

The  Secretary:  If  no  one  else  will  answer  the  question. 
I  will  say  as  one  reply  that  I  put  in  thirty-five  meters  last 
month  to  stop  part  of  it. 

Mr.  Priddy:  In  our  case  the  first  time  a  man  is  caught 
wasting  water  he  is  fined  two  dollars,  the  next  time  he  is  fined 
five  dollars,  and  for  the  third  offence  of  that  kind  the  water 
is  shut  off;  then  he  will  be  apt  to  remember  it. 

A  Member:  I  would  like  to  ask  the  gentleman  whether  his 
works  are  under  the  control  of  the  city  or  a  pri\ate  company? 

Mr.  Priddy:      A  private  company. 

Mr.  Cameron;  I  would  like  to  explain  to  the  members 
present  that  I  am  the  gentleman  who  asked  the  question  how 
to  stop  the  waste  of  water,  and  I  know  that  out  of  so  many 
intelligent  and  experienced  superintendents,  some  of  you  have 
found  a  means  of  stopping  the  waste  of  water,  not  as  suggested 
by  Mr.  Diven,  with  a  deuble-barrclled  shotgun,  but  in  a  man- 
ner equitable  and  legal.  Of  course,  at  conventions  we  know 
how  to  stop  the  waste  of  water  (laughter),  but  I  mean  when 
we  get  home  and  hard  at  work. 

Mr.  Donahue:  I  dislike  to  make  myself  too  prominent 
by  jumping  up  so  often,  but  this  is  a  subject  that  inter- 
ests me,  and  I  guess  interests  a  great  many  of  yoif.  There  is 
certainly  one  true  way  of  stopping  the  waste  of  water,  by 
meters;  but  sometimes  we  do  not  place  meters  on  all  our 
consumers.  Now,  where  we  have  consumers  who  waste  water, 
where  they  have  an  unlimited  use  of  it,  it  is  all  right  for 
some  water  works  men  to  say,  "We  will  fine  them  two  dollars 
and  then  five  dollars  and  then  shut  the  water  off."  That  man 
is  blessed  no  doubt  with  a  very  good  charter  or  ordinance 
back  of  him,  but  in  a  case  where  the  water  works  are  owned 
by  a  private  company  your  charter  don't  cover  every  point 
and  you  have  a  city  council  pumping  you  pretty  hard,  it  is  a 
difficult  question  to  solve  as  to  how  to  stop  the  waste  of  water. 
We  have  had  considerable  experience  in  it.  We  have  tried 
every  known  method  outside  of  metering.     With  a  small  con- 
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sumer  I  hardly  think  it  pays  to  put  in  a  meter,  but  at  the  same 
time  he  can  waste  an  unlimited  amount  of  water.  We  have 
met  with  the  most  success  by  having  the  inspector  go  to  the 
consumer  and  talk  to  him  in  a  reasonable  way;  it  takes  a  little 
time  but  it  will  win  in  the  long  run.  Talk  to  him  quietly,  tell 
him  you  have  given  him  a  low  rate  and  that  you  trust  to  his 
honesty,  that  you  will  supply  him  all  the  water  he  can  use  but 
request  him  not  to  waste  any,  and  it  is  only  in  extreme  cases 
where  you  will  find  a  stubborn  man  that  will  not  abide  by  the 
rules  and  help  you  out.  If  a  man  persists  and  will  not  mind 
you,  then  shut  the  water  off.  It  is  quite  a  difficult  thing  to 
make  a  rule,  because  if  you  make  a  rule  for  a  man  he  is  sure 
to  try  to  break  it,  but  after  a  little  reasonable  talk  I  thmk  it 
can  be  stopped  in  cases  of  small  consumers.  With  large  con- 
sumers we  certainly  need  meters.  I  am  satisfied  now  of  that 
from  ouy  own  experience.  But  what  would  suit  us  probably 
would  not  do  in  another  place.  I  have  a  few  details  for  my 
own  reference  and  not  gotten  up  for  this  meeting  at  all.  I 
find  in  the  year  1881-2  our  net  revenue  was  decreased  by  in- 
creased operating  expenses  on  account  of  the  terrible  waste 
of  water  and  increased  pumpage.  We  have  overcome  that, 
however  and  last  year  we  supplied  over  a  hundred  new  con- 
sumers over  the  previous  year  and  some  of  them  very  large 
consumers,  and  yet  pumped  less  than  the  previous  year  by 
90,000,000  gallons,  and  our  receipts  increased  I  think  $3,500 
or  thereabouts.  We  did  it  by  taking  the  time  to  talk  to  con- 
sumers. 

Mr.  Martine: — I  had  one  case  where  a  party  was  getting 
water  for  $25.00  per  annum  and  wasted  a  great  deal  of  it. 
I  proposed  to  them  to  put  in  a  meter;  they  said  they  would 
be  glad  froii;^  the  fact  that  they  would  save  expense.  After 
the  meter  had  been  in  a  fortnight  I  read  it  and  they  had  used 
$90,00  worth  at  the  rate  we  were  selling  it.  I  told  them  of 
it,  and  the  month  after  that  they  used  $15,00  worth. 

Mr.  Diven: — I  think  a  large  part  of  the  waste  is  due  to 
defective  plumbing;  probably  more  in  the  water  closet  than 
anywhere  else,  and  probably  the  consumer  don't  know  it.  So 
Mr.  Donahue's  argument  would  not  do. 

Mr.  Priddy: — We  cannot  use  meters  on  account  of  the 
frost.  I  have  tried  Mr.  Donahue's  style  of  argument  to  my 
heart's  content,  and  I  find  the  best  niDde  of  stopping  the 
willful  \v;aste  of  water  is  by  imposing  a  fine,  my  experience 
has  been  if  you  fine  a  man  all  his  neighbors  will  know    it  and 
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they  will  take  the  hint,  and  it  has  saved  me    more   water  than 
any  other  mode  I  could  devise. 

The  President: — The  time  has  expired  for  the  discussion 
of  this  question.  Eternal  vigilance  is  the  price  of  water  and 
also  for  the  stopping  of  wasting  of  water.  We  will  take  up 
the  ne.xt  question. 

The  Secretary: — I  had  this  question  handed  to  me  by  a 
gentleman  before  dinner,  I  don't  think  he  is  in  the  room;  I 
will  however  read  the  (question:  "Is  steel  of  ^  inch  thick 
ness  sufficiently  heavy  for  the  shell  of  boilers  60  inch  diame- 
ter 18  feet  long  carrying  an  average  steam  pressure  of  75  to  80 
pounds?" 

Mr.  Russell: — What  is  the  tensile  strength? 

The  Secretary: — I  suppose  ordinary  60,000  to  70,000. 
steel. 

Mr.  RusSEft.: — That  would  make  quite  a  difference. 

The  Secretary: — I  know  it  would;  assume  ordinary  60,000 

Mr.  Russell: — The  strength  of  Steel  will  run  from  65,000 
1070,000;  it  makes  quite  a  marked  difference.  I  should  say 
with  good  steel,  65,000  pounds,  yes. 

The  Secretary: — The  point  desired  to  be  brought  out  as 
I  understand  is  whether  it  is  policy  to  use  light  shells. 

Mr.  Diven: — It  would  depend  on  the  pressure  you  wanted 
to  carry;  I  think  the  lightest  shell  that  would  stand  the  pres- 
sure would  be  preferrable.  I  think  there  is  a  Government 
rule  about  that. 

The  President: — The  next  paper  before  the  association 
is  "Pressure  Regulators  for  Water  Works"  bv     William     Rvle. 


PRESSURE    REGULATORS  FOR  WATER   MAINS. 


A  Perfect  Pressure  Regulator  must  be  all  its  name  implies,  auto- 
matic in  action,  pressure  controlled  from  low  service  side,  and  open 
and  close  without  water  hammer. 

The  first  successful  ones,  which  I  can  find  were  two  twelve  inch 
placed  at  Worcester,  Massachusetts,  in  1872  and  were  used  con- 
tinuously until  1883,  and  their  use  then  discontinued  because  an 
additional  low  service  was  introduced  into  that  city.  Pressure  on 
high    side,    160   pounds;   low   side,    70  pounds.     Mr.  John  G.    Brady. 
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water  commissioner,  reports;  "done  the  work  uniformly  and  entirely 
satisfactory,  and  with  but  slight  variation  in  pressure  on  low  service 
side,"     Regulator  made    by    the    Union    Meter    Company,    Worcester, 

Massachusetts. 

The  tirst  engineer  to  apply  Pressure  Regulators  to  an  entire  water 
works  system  was  S.  E.  Babcock,  Chief  Engineer  of  the  Little  Falls, 
New  York,  water  works,  and  were  applied  at  Amsterdam,  N.  Y. 
A.  H.  DeGraff,  Superintendent  and  Engineer,  reports  ;  "We  have  six 
Pressure  Regulating  Valves  in  use,  two  ten  inch,  two  eight  inch,  and 
two  six  inch;  four  of  these  valves  have  been  in  use  about  seven  years, 
one  for  three  years,  and  one  for  one  year.  They  have  given  entire  satis- 
faction and  hold  the  pressure  at  about  70  pounds  in  the  business  part 
of  the  city,  the  pressure  on  upper  side  is  about  90  pounds,  and  in  lower 
about  30  pounds."  Regulators  made  by  Ross  Valve  Company. 
Troy,  New  York 

Mr.  W.  H.  Williams,  Superintendent  of  the  Augusta  Water  Company. 
Augusta,  Maine,  reports  :  "Have  an  automatic  valve  to  regulate  the 
flow  of  water  into  a  small  reservoir,  which  supplies  the  Maine  Insane 
Asylum.  This  valve  is  on  our  six  inch  main,  the  presssure,  high  side, 
60  pounds;  on  low  side,  37  pounds.  It  has  been  in  use  two  years  and 
gives  good    satisfaction." 

At  St.  Albans,  Vermont,  Mr.  Marshall  Mason,  Superintendent, 
reports:  "Have  an  eight  iach  Regulator  placed  to  reduce  water  ham- 
mer from  hydraulic  crane  at  the  Rolling  Mill,  working  the  power  by 
three  inch  gate;  pressure  on  high  side,  112  pounds;  low  side,  85  pounds, 
consider  it  an  effective  economical  machine.  It  relieved  our  pipes  at 
once,  working  like  a  charm."  Made  by  Union  Meter  Company,  Wor- 
ester,  Massachusetts. 


At  Plattsburg,  New  York,  D.  0.  Boyton,  Superintendent,  reports: 
"Have  a  ten  inch  regulator,  has  been  in  use  nine  years,  and  has  always 
proved  satisfactory."  Made  by  Union  Meter  Company,  Worcester, 
Massachusetts. 

At  Rockland,  Me.,  Superintendent,  J.  W,  Crocker  reports:  "Have 
ten  inch  regulator  located  at  point  between  the  reservoir  and  lake;  being 
171  feet  below  high  water  mark  in   the   lake   and   65   feet  below   high 
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water  mark  in  the  reservoir.  It  is  set  to  keep  the  water  at  high  water 
mark  in  the  reservoir,  viz;  224  feet  above  the  sill  front  of  their  ofBce. 
Been  in  use  three  years  and  up  to  this  time  it  has  worked  to  our  satis- 
faction."    Made  by  Union  Meter  Company,  Worcester,    Massachusetts. 

Mr.  S.  E.  Babcock,  Chief  Engineer  at  Little  Falls,  New  York  reports  : 
"Have  three  in  use,  twelve  inch;  120  pounds  high  side;  20  pounds  low 
side.  I  find  them  very  raliable.''  Made  by  Ross  Valve  Company, 
Troy,  New   York. 

E.  R.  Payson  of  Portland  Water  Company,  Portland,  Maine,  report.s: 
"We  have  connected  with  our  works  two  twelve  inch  self  regulating 
pressure  valves,  both  made  by  the  Union  Water  Meter  Company,  of 
Worcester,    Massachusetts. 

The  first  was  set  in  1882  at  our  reservoir,  it  opens  when  pressure 
reaches  twenty-five  pounds  and  lets  the  water  into  the  reservoir,  if  the 
pressure  falls  below  five  pounds  it  allows  the  water  to  flow  from  the 
reservoir  into  the  main  pipes. 

The  second  regulator  was  set  in  1888.  connecting  our  high  and  low 
service  systems,  when  the  pressure  is  over  60  pounds  on  the  high 
service  side,  it  opens  and  allows  the  water  to  flow  into  the  low  service, 
if  the  pressure  should  fall  belew  40  pounds  on  the  high  service  side,  it 
opens  from  the  low  service  side  and  allows  the  water  to  flow  from  that 
side  as  far  as  it  will  supply  the  high  service  side. 

Both  of  these  valves  do  all  that  they  were  guaranteed  to  do,  and  we  are 
perfectly  satisfied  with  them  in  every  respect,  they  are  always  to  be 
depended  upon,  and  we  now  consider  them  indispensable  in  connection 
with  our  works. 

At  Worcester,  New  York,  they  have  two  regulators,  eight  inch.  140 
pounds,  high  side,  and  85  pounds,  low  side,  and  have  been  in  satis- 
factory use  two  years.  Made  by  Ross  Valve  Company,  Troy,  New 
York. 

At  Paterson  New  Jersey,  we  have  one  sixteen  inch  regulator  made 
by  the  Union  Meter  Company,  of  Worcester  Massachusetts,  the 
largest  one  in  service  up  to  this  date:  37  pounds  on  low  service  side 
and  50  pounds  on  high  service  side  and  was  placed  in  1885,  and  up  to 
this  time  it  has  worked  to  our  entire  satisfaction.  It  is  used  to  back 
all  water  possible  in  the  storage  reservoir,  which  is  filled  by  steam 
power  and  located  in  the  western  part  of  the  city,  and  pass  through 
it  only  the  defiecincy  not  supplied  from  the  reservoir  in  the  northern 
part  of  the  city,  and  filled  by  water  power. 

With  our  experience  of  this  one,  we  feel  safe  in  advising  any  one 
wishing  one  of  the  larger  size,  to  use  them  in  a  number  of  twelve  or 
sixteen  inch  regulators  to  gain  the  desired  service,  instead  of  trying 
to  have  one  made  larger  than  sixteen  inches. 

These  valuable  appliances  make  it  possable  to  so  reduce  an  extra 
high  pressure  to  a  lower  one,  with  certainty  of  the  supplying  of  a  small 
amount  of  water,  or  all  the  area  of  the  regulator,  without  changing  the 
pressure  of  the  low  side,  and  without  an  intermediate  reservoir. 

There  being  no  discussion  on  the  subject  of  the  paper,  on 
motion,  the  meeting  adjourned  until  eight  o'clock  p.  m. 
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Evening  Session,  Wednesday,  April  i6,  1889. 

Meeting  called  to  order  by  President  Denman  at  8  o'clock. 

The  President: — While  waiting  for  other  business,  there 
may  be  some  gentleman  present  who  have  points  they 
would  like  to  raise  for  the  purpose  of  getting  information, 
and  there  are  men  here  experienced  in  the  water  works  busi- 
ness who  may  be  able  to  help  such.  I  hope  any  gentleman 
will   feel    free    to    occupy  the  floor  in  his  own  behalf. 

Mr.  Richards: — I  would  like  to  ask  the  active  members 
of  the  association  if  any  of  them  pump  water  or  furnish  it  at 
so  low  a  rate  that  it  could  be  used  by  a  compound  condens- 
ing engine  against  coal  at  two  dollars  a  ton. 

Mr.  Darling: — If  I  understand  the  gentleman,  he  wants  to 
know  whether,  when  so  large  a  quantity  of  water  is  used  as 
is  necessary  for  the  condensation  of  steam,  you  could  afford 
to  sell  it  at  such  a  price  as  would  allow  its  use  for  that  pur- 
pose. I  had  such  an  application  last  week  from  a  concern 
that  wanted  eight  thousands  gallons  a  day  for  condensing 
purposes.  That  quantity  under  our  rates  would  cost  them 
six  cents  a  thousand  gallons  and  the  question  is  whether 
they  could  afford  it,  they  are  now  figuring  it  out.  They  have 
an  ordinary  factory  engine,  and  this  water  is  to  be  used  for 
condensing  the  steam  and  returning  it  back  to  the  boiler. 

Mr.  Diven: — You  mean  you  furnish  the  water  at  six  cents 
a  thousand  gallons. 

Mr.  Darling: — Yes,  for  anything  over  one-hundied 
thousands  gallons  per  day. 

The  Secretary: — I  have  here  a  letter  from  the  Secretary 
of  the  New  England  Water  Works  Association  which  by 
permission  I  will  read: 

New  England  Water  Works  Association, 

office  of  the  secretary. 

New  Bedfobd.  Mass..  April  liJth.  1889. 
J.  H.  Deckeb.  Esq., 

Secbetaby  Amebican  Wateb  Woeks  Association. 
Deab  Sib: — Yoar  kind  invitation  to  the  members  of   this    asssociatiou, 
to  meet  with  the  American  Association   at    the    Louisville    convention, 
was  presented  at  the  last  meeting. 
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This  Association  will  be  represented  at  your  convention,  by  oar 
President,  Hiram  Nevons.  of  Cambridge.  Mass..  who  will  testify  to  the 
fraternal  interest  which  we  have  in  your  most  excellent  organization, 
and  in  our  appreciation  of  the  splendid  work  which  you  are  accomplish- 
ing. 

Please  extend  a  most  cordial  invitation  to  such  of  your  members  as 
can  so  arrange  to  meet  with  us  at  Fall  River  on  the  occasion  of  our 
annual  convention  on  June  12th,    13th  and  14th. 

Personally  I  regret  my  inability  to  be  present,  but  circumstances 
forbid. 

Trusting  that  your  sessions  may  prove  most  interesting  and  exceed- 
ingly  profitable.  I  remain  Yours  sincerely, 

R.  C.  P.  Coggeshall, 

Secretary. 

The  President: — The  letter  extends  an  invitation  to 
attend  the  Fall  River  meeting  June  12th  to  14th.  Gentlemen, 
what  will  you  do  with  the  letter  ? 

It  was  thereupon  moved  and  seconded  that  the  invitation 
be  accepted  with  thanks.      Carried. 

The  President: — We  will  take  up  the  regular  order  of 
business,  which  is  a  paper  by  Mr.  Darling,  "Should  a  city  or 
town    provide  meters  at  its  own   cost?-" 


"SHOULD    A  CTTV   OR  TOWN  PROVIDE  METERS  AT 
ITS  OWN  COST  TO  CONSUMERS  OF  WATER?" 

Mr.  President  and  Gentlemen  of  the  American  Water  Works   Association: 

The  question  to  which  my  attention  is  drawn  is  one  of  various  opin- 
ions, therefore  I  can  only  speak  of  the  experience  that  has  come 
under  my  persona'  observation.  At  the  completion  of  oir  works  in 
September.  1879,  it  was  voted  that  hereafter  meters  be  put  in  at  the 
expense  of  the  town  in  all  cases  where  the  consumer  had  over  two 
faucets  except  where  a  consumer  desired  a  larger  size  than  the  Com- 
missioners deemed  necessary,  in  which  case  the  price  of  an  ordinary 
sized  meter  would  be  deducted  and  the  balance  of  cost  of  the  larger 
meter  be  paid  by  the  consumer.  I  believe  Pawtuket  was  the  first 
town  to  adopt  that  system  in  this  country.  A  division  of  the  Pawtucket 
works  known  as  the  Central  Falls  Fire  District  adopted  the  same  rules 
the  following  year.  This  ruling  seems  to  have  met  with  general  favor, 
and  the  number  of  meter  takers  has  rapidly  increased  since.  Onr 
minimum  price  is  .$10.00  in  advance  for  all  meters,  allowing  them  to 
use  .33.33:3  gallons,  thus  enabling  the  mechanic  or  laboring  man  who 
owns  a  little  home,  or  the  capitalist  who  builds  and  rents  tenements,  to 
have  all  the  luxuries  of  the  rich  man  in  his  mansion  in  the  use  of  water, 
and  the  result  is  that  the  average  amount  received  is  about  §16.00  a 
year  for  that  class  of  meters,  and  under  that  system  the  works  became 
popular  with  that  class  of  consumers.     I  therefore  maintain  that    it  is 
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desirable  for  any  city  or  town  to  furnish  the  aforesaid  parties  ou  as 
reasonable  terms  as  can  be  done,  because  it  stimulates  them  to  cleanli- 
ness, (which  is  next  to  {godliness,)  and  the  sanitary  results  speak 
volumes  iij  defense.  Of  course  I  can  see  that  where  private  corpora- 
tions have  charge  of  the  city  or  town,  they  have  no  particular  interest 
in  the  aforesaid  results,  as  the  representatives  of  the  same  have 
expressed  themselves  in  previous  discussions,  and  yet  I  am  led  to 
believe  that  the  it-stnue  itceivtd  fitn.  tht  t-mall  takrs  is  of  minor 
importance  to  that  of  the  manufactories,  mechanical  or  hydrant  rental, 
which  is  received  by  all  private  corporations.  You  all  know  that  if 
any  corporation  had  to  depend  entirely  on  family  supply  for  revenue, 
they  would  not  invest  their  money  in  that  town  or  city.  I  therefore 
come  to  the  conclusion  that  the  small  difference  received  between 
faucet  and  meter  rates  is  not  paramount  to  the  good  results  which  will 
be  produced,  and  the  good[will  of  the  citizens.  Corporations  know  the 
the  animosity  that  always  exists  against  them  in  a  city  or  town  where 
they  do  not  show  a  liberal  disposition. 

I  am  reminded  that  at  my  early  connection  with  water  works  I  had 
occasion  to  advocate  the  use  of  meters  and  the  supplying  of  the  same 
by  the  city  or  town;  and  let  me  say  here  I  mean  only  the  family  meter. 
or  its  equivalent,  when  larger  ones  are    required. 

In  discussing  the  subject  with  some  superintendents,  I  was  informed 
that  they  did  not  care  how  much  water  was  used,  they  could  afford  to 
pump  it,  as  their  coal  only  cost  $2.50  per  ton  delivered.  I  thought  to 
myself  what  will  be  the  capacity  of  their  pumping  plant  within  a  few 
years  at  that  rate.  The  same  parties  have  put  in  larger  engines  since, 
and  now  recommend  more  or  putting  on  meters  and  making  a  house  to 
house  inspection  to  stop  the  waste.  Another  Sui^erintendent  said  he 
did  not  care  how  much  water  was  wasted,  as  he  had  just  as  soon  have  it 
run  through  the  faucets  as  over  the  dam.  He  had  the  gravity  plan  and 
quite  a  long  distance  to  convey  his  water.  The  result  I  predicted  was 
he  would  lose  the  head  by  the  friction  on  the  pipe,  which  has  been 
partially  demonstrated  since.  I  might  enumerate  many  such  incidents, 
but  time  forbids.  I  maintain  that  you  (iannot  afford  to  waste  water 
under  any  circumstances,  and  especially  where  you  have  to  pump  it. 

Now,  what  is  the  remedy  for  stopping  the  waste?  I  say  most 
emphatically,  the  meter  system.  My  experience  is  that  we 
receive  additional  revenue  enough  "by  the  use  of  meters," 
from  waste  caused  by  poor  plumbing,  leaking  in  water-closets,  or 
the  cock  and  ball  in  tanks,  and  other  ways  that  are  unknown,  to  pay 
for  all  new  meters  supplied,  and  I  believe  that  the  experience  of  others 
will  indorse  my  statement.  By  referring  to  a  paper  read  at  Cincinnati, 
April  16th,  1^84.  on  the  discussion  of  the  subject  of  meters,  there  were 
different  experiences  related  which  have  a  bearing  on  this  subject. 
There  is  but  one  situation  that  I  can  see  where  meters  are  useless,  and 
that  is  where  you  have  an  unlimited  supply  on  the  gravity  plan,  and 
that  situated  close  to  your  city  or  town  where  the  expense  will  be  com- 
paratively small  to  put  in  large  mains  enough  to  protect  the  friction 
on  the  pipe,  with  sewerage  sufficient  to  deliver  the  same;  then  you  could 
allow  them  to  use  and  waste  all  the  water  they  wanted  to.  I  sometimes 
think  I  should  like  to  see  one  situation,  if  it  could  be  found,  where  a 
works  could  be  established  and  allow  the  many  people  that  can  be  found 
in  all  cities,  to  move  there  and  enjoy  their  wasteful  propensities  to  the 
height  of  their  ambition.  What  a  record  we  should  see,  and  I  believe 
that  the  curiosity  to  know  what  the  result  was,  would  induce  the  super- 
intendents of  the  country  to  cliip  hi  and  procure  a  meter  to  be  placed  on 
the  main  supply. 
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The  waste  of  water  is  getting  to  be  a  serious  question,  and  especially 
where  it  lias  to  be  pumped  into  reservoirs  and  settled  and  then 
repumped  into  the  city,  or  where  they  have  an  unlimited  supply  and  are 
allowing  an  unrestricted  use  of  water. 

I  believe  that  it  costs  less  to  supply  and  maintain  meters  than  it  does 
to  erect  pumping  engines  and  storage  reservoirs.  The  cost  of  coal. 
while  it  enters  into  the  expense  account,  has  its  bearing  where  water  is 
legitimately  used  and  paid  for.  but  where  is  wasted  it  has  a  further 
value,  as  it  caries  with  it  the  cost  of  machinery,  stations,  pipe  lines  and 
new  sources  of  supply,  besides  the  wear  and  tear,  the  continuous 
expense  of  pumping,  and  the  pay  of  the  engineers  and  firemen.  1 
would  like  to  ask  the  experience  of  superintendents  what  the  effect  of 
extreme  cold  weather  has  upon  the  daily  consumption  of  water.  I 
have  about  2000  services  unmetered.  with  from  one  to  three  faucets. 
Now  my  experience  is,  let  it  come  cold  nights  and  we  are  obliged  to 
pump  50f).000  gallons  more  per  day  to  supply  the  waste  from  these 
services  alone,  for  the  other  ones  are  metered  and  we  receive  pay  for 
the  water.  Please  make  a  comparative  estimate  from  your  own  situ- 
ation. 

We  find  another  trouble  with  unmetered  services:  the  faucets  will 
leak  and  remain  so  until  the  inspector  comes  around,  then  they  will 
be  stopped,  but  where  the  meter  is  placed  they  do  not  wait  for  the 
inspector,  because  it  costs  money.  Another  result  we  get  is.  where  we 
find  the  services  are  excessivelij  used,  where  there  are  only  two  faucets, 
we  put  a  meter  on  and  invariably  we  receive  a  revenue  over  and  above 
the  faucets  rates,  which  will  pay  for  the  meter,  sometimes  the  first 
year  and  sometimes  in  two  years,  but  invariabley  we  get  paid  for  the 
meter.  And  yet  the  person  is  perfectly  satisfied  when  you  show  him  he 
is  necessairly'using  the  water  and  at  the  rate  of  one  cent  per  barrel. 
It  must  be  borne  in  mind  that  the  unmetered  service  can  and  does 
waste  more  than  the  metered,  even  where  they  are  willing  to  pay  for  the 
waste,  as  they  have  no  restriction  except  the  inspection.  The  rules 
may  provide  for  penalties,  but  what  do  consumers  care  when  the 
inspector's  back  is  turned,  and  what  do  they  care  whether  the  faucet  is 
shut  or  not.  it  costs  no  more.  Show  me  a  city  or  town  where  they  do 
not  use  meters  "with  but  few  exceptions,  and  there  they  have  a  sys- 
tematic house  to  house  inspection,"  and  I  will  show  you  pumping 
plants  in  excess  of  what  ought  to  be.  and  a  per  capita  of  consumption 
that  will  astonish  you.  I  do  not  pretend  to  say  that  the  meter  will 
apply  to  a  large  majority. 

The  meter  system  produces  good  rssults,  as  it  shows  to  each  and 
every  one  that  they  are  used  alike.'  and  gives  them  equal  privileges  at 
the  same  cost.  In  fact  they  pay  their  bills  seemingly  with  pleasure 
and  I  may  add  that  during  the  collections  of  the  past  ten  years,  and  re- 
ceiviug  over  §600.000.  I  have  never  had  a  single  one  come  into  the  office 
with  a  grievance  but  what,  after  an  explanation,  left  apparently  satis- 
fied and  paid  his  bill. 

In  regard  to  the  repairs  of  meters  I  may  say  we  remain  practically 
with  the  same  proportional  results  as  in  my  statement  made  in    1884. 

As  a  result  of  the  meter  system  in  Pawtucket.  in  1879  our  works  cost 
over  S600.000.  and  the  revenue  was  §16.000  for  that  year.  It  was 
thought  by  many  that  we  could  never  pay  the  interest  on  the  debt,  but 
in  1882  the  revenue  was  §47.000.  and  the  Commissioners  reported  they 
were  able  to  pay  all  interest  and  maintenance  accounts.  Since  1879  we 
have  increased  the  debt  from  year  to  year  by  building  necessary  dams, 
reservoirs  and  pumping  stations,  so  that  it  now  amounts  to  about 
!^l..").o0.000.  and  we  have  paid  all  maintenance  and  interest  accounts    on 


45 

the  same,  and  passed  into  the  sinking  fund  and  CDUstruction  account 
!$-t4,000  besides.  Our  works  are  now  litted  to  do  ♦he  necessary  work 
for  many  years  without  any  large  expenditure  of  money,  and  an 
increase  of  revenue  is  sure  to  follow. 

You  must  also  remember  that  our  rates  are  as  low  or  lower  than  the 
majority  of  other  water  works,  under  similar  situations.  Our  revenue 
for  the  past  year  was  $95,000,  using  less  than  4,000.000  gallons  per  day. 
and  supplying  a  population  of  abt>ut  .55,000.  witli  a  consumption  of  ('>5 
per  cent  for  purposes  other  than  family  use.   • 

I  desire  to  say  a  few  words  in  regard  to  the  correctues.s  of  meters. 
We  all  know  that  the  consumers  of  water,  in  case  their  bills  overrun, 
doubt  the  meter's  correctness.  Now  in  an  experience  of  ten  years  1 
have  never  seen  an  instance  where  I  had  occasion  to  think  that  tlie 
meter  had  registered  against  the  consumer,  but  on  the  other  liand  I 
know  that  there  are  circumstances  where  'he  meter  will  pass  water  and 
not  register.  This  subject  was  very  generally  discussed  in  1884  at  Cin- 
cinnati, and  our  late  associate.  Mr.  W.  C.  Stripe,  offered  the  following 
resolution : 

"Resohed,  That  it  is  tlie  t)pinion  of  this  Association  that  water 
meters  do  measure  water  generally  correct,  and  that  where  they  make 
mistakes  it  is  invariably  in  favor  of   the  consumer." 

Since  that  time  I  have  had  experiences  whic'ri  verify  that  t»pinon 
and  I  make  it  a  rule  that  where  the  consumer  doubts  the  correctness 
of  his  meter  he  shall  devote  his  personal  attention  to  seeing  the  meter 
put  under  test,  and  varify  the  correctness  himself.  I  have  never  had  a 
case  but  what  he  went  away  perfectly  satislied  that  the  meter  conld  not 
register  against  him,  and  I  may  say  that  nuite  a  number  have  availed 
themselves  of  the  opportunity. 

In  conclusion.  I  would  say  that  from  my  experience  of  ten  years 
in  the  use  of  meters  in  all  forms  ( lo  which  I  attribute  a  large  propor- 
tion of  our  success,)  I  do  believe  that  it  is  advisable  foi-  cities,  towns, 
or  corporations,  as  a  rule  to  furnish  and  maintain  what  would  be  called 
a  family  meter  at  their  expense  (except  in  case  of  frost  or  abuse)  and 
charge  it  to  the  construction  or  raaintenance  account. 

Thanking  you  for  your  attention.  I  submit  the  foregoing  statements 
to  you  for  criticism  or  endorsement 

Mr.  Gardner: — I  had  hoped  to  meet  our  friend  Mr.  Ben- 
zenburg  of  Milwaukee.  [  wrote  him  a  personal  letter  beg- 
ging hini  to  come.  I  knew  Mr.  Darling  would  write  as  he  has 
written  and  express  the  sentiments  he  has  expressed  Mr. 
Benzenburg  takes  the  opposite  view  and  half  way  promised 
to  give  us  a  paper  on  the  opposite  side.  He  writes  me  regret- 
ting his  inability  to  write  the  paper,  and  says,  -'Our  depart- 
ment merely  places  the  meters  and  requires  the  owners  of 
the  premises  to  purchase  the  meters  and  have  the  necessary 
plumbing  done  at  their  own  exjjense.  The  city  furnishes  the 
meters  at  the  minimum  cost.  We  take  this  manner  because 
we  feel  the  consumer  will  be  more  earful  of  the  meter  than  if 
the  city  owned  it.  We  have  come  to  this  conclusion  by  our 
experience  in  the  past.  The  attachment  of  a  large  number 
of  meters  would  involve  a  considerable  sum  of  money  to  the 
city,     whereas  to    the   individual  it     involves    a    small     sum. 
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i  will  enclose  our  regulation:)  and  ftirther 
information  on  the  subject  will  be  given  at 
any  time."  And  the  substance  of  this  is  embraced 
in  the  regulations.  I  would  be  glad  to  have  this  subject  dis- 
cussed for  I  am  looking  for  light  on  the  subject.  I  have  no 
opinion  of  my  own   to  express. 

Mr.  Diven: — I  think  it  important  that  the  water  works 
should  have  charge  of  the  meters.  If  the  meter  belongs  to 
the  consumer  he  would  naturally  object  to  our  dictating  to 
him  what  meter  he  should  buy.  I  think  v.e  all  know  that 
some  meters  are  not  what  they  should  be.  It  is  impi)rtant 
too.  that  the  water  department  have  charge  of  the  repairs  of  the 
meter.  Here  is  another  difihcidty:  Can  we  assume  the  right 
to  do  the  repairing  of  another  mans  meter,  or  say  when  it 
>hall  be  repaired?  He  might  say  the  meter  was  doing  the 
work  all  right  when  it  may  be  giving  him  ten  or  twelve 
gallons  per  cubic  foot.  If  the  consumer  claims  the  right  to 
take  it  to  the  office  or  send  it  to  the  shop  then  we  must  shut 
the  water  off  or  let  him  have  water  without  measurement. 
<  >n  the  other  hand  if  we  own  the  meters,  we  can  put  in 
another  one.  register  it  and  charge  it  on  the  books,  while  if 
we  undertook  to  put  another  meter  in  ])lace  of  his  own,  he 
would  be  apt  to  make  a  row  and  say,  "A\"hy  this  meter  is  not 
as  good  as  mine  and  I  won't  have  it." 

-Mr.  Richards: — I  can  give  a  little  experience  in  meters 
but  I  am  on  the  other  side.  We  require  e\  erybody  to  put  in 
meters.  A  man  that  wants  water  to  lay  brick  must 
buy  a  meter.  My  brother  Diven  says  it  would  getujj  a  row  if 
you  should  tell  him  he  had  to  have  a  meter.  Who  ever  heard 
tell  of  a  water  works  sujierintendent  living  if  he  didn't  live  in 
a  row?  (laughter).  I  have  been  living  in  a  row  for  fourteen 
year,  the  only  relief  I  get  is  wh^n  I  come  to  these  conven- 
tions, (laughter).  We  have  2 1 86  meters,  and  ha\  e  but  very 
little  trouble.  The  people  have  to  be  educated  up  to  this 
thing.  They  think  the  water  meter  belongs  to  them,  which 
it  does,  and  when  there  is  anything  wrong  we  send  them  a 
little  note  that  their  water  meter  is  out  of  order.  But  of 
course  those  of  you  operating  private  water  works  have 
experience  a  little  different  from  that.  When  the  works 
!)elong  to  the  city,  the  city  can  do  pretty  much  as  it    pleases. 

.Mr.   Milni:k:  —  How  often  do  you  read  them? 

Mr.  Richards: — Once  a  month. 
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Mk.  Mii.nkk:  — Vou  collect   monthly? 

MR.RiCHARDb: — \'es,  at  the  end  of  the  month,  ^^'e  gi\e  a 
consumer  ten  days  to  jjay  liis  bill:  at  the  ex]jiration  of  te!i 
days  if  it  is  n(K  ])aiil  the  water  is  shut  off. 

Mr.  Camkrox:  —  Does  the  plumber  repair  the  meter  or  do 
\'ou  repair  them,  and  when  it  is  done  do  vou  know  whether 
it  is  re])aired  or  not? 

Mr.  Richards: — I  have  a  little  testing  ap])aratus  at  the 
office  and  if  we  have  any  doubt  of  it  we  put  the  test  to  it.  if 
it  comes  within  a  reasonable  per  centage  we  let  it  go.  The 
meters  we  adopte:!  to  save  the  buying  and  ]Kittiiig  in  of 
larger  mains  and  a  new  jiumping  station. 

Mr.  Cameron:  —  Is  it  not  your  o[»ini()n  that  it  is  better  for 
the  companies  to  own  the  meter  and  have  control  of  them; 
and,  that  you  could  have  better  control  of  them  if  you  owned 
them? 

Mr.  Richards:  —  1  dou't  see  that  we  could  have  any  better 
control  of  them  than  we  have  now.  We  have  absolute  con- 
trol of  them. 

Mr.  Camkrox: — Vou  don't  own  them:  \ou  could  not 
rejjair  them. 

Mr.  Richards: — We  make  the  consumer  repair  it  which  is 
the  same  thing. 

Mr.  Camkrox:  —  Do  you  put  a  seal  on  them? 

Mr.  Richards: — Not  in  every  instance.  \\'e  hia\  e  a  seal 
and  use  it  whenever  we  think  it  necessary.  ( )ur  reason  for 
adojiting  meters  in  the  first  instance  was  this:  Our  distribu- 
tion is  not  general;  that  is,  the  water  is  not  distributed 
throughout  the  city.  When  the  meter  system  was  adojitcd 
there  was  one  whole  ward  that  had  no  water  in  it.  If  the 
meters  had  been  bought  by  the  city  out. of  the  general  ta.xes, 
those  citizens  who  lived  in  that  ward  in  which  there  were  no 
l)ipes  would  have  derived  no  benefit,  and  they  would  naturallv 
argue  that  you  had  no  right  to  tax  them  for  the  benefit  of 
a  lother. 

Mr.  Cameron: — Who  pays  for  the  pipe  originallv  laid  in 
the  ground? 

Mr.  Richards: — Well,  that  dont  appeal  so  directlv  as  this, 
a -i  the  main  pipes  are  not  strictly  for  individual  uses. 
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Mr.  Dari  inc.: — A  meter  is  a  part  of  the  plant.  It  belongs 
to  the  i-)ipe  or  the  engines,  reservoirs  or  whatever  else.  They 
are  a  part  oi  the  construction  of  the  system.  Some  put  them 
to  the  maintenance  account;  but  that  in  my  opinion  is  wrong, 
of  course,  the  repairs  are  charged  to  maintenance  accoimt, 
but  as  a  general  rule  the  meter  should  be  charged  to  con- 
struction. 

Mr.  Cameron: — Now,  with  us,  we  have  nothing  beyond 
the  curb  stone;  beyond  the  stop  cock  box  we  have  no  respon- 
sibility. We  run  the  lead  to  the  stop  cock  box  and  that  is 
the  end  of  it. 

Mk.  D.^rling: — That  is  a  common  occurrence.  Some  go 
to  the  curb  stone,  others  go  to  the  inner  fence,  while  many 
companies  or  departments  furnish  nothing  beyond  the  main 
pipe.  That  is  just  as  you  make  the  rule.  We  go  to  the  fence 
line,  and  then  we  put  the  service  in  the  cellar  if  they  desire 
it.  but  we  charge  them  from  the  fence  line,  in. 

Mr.  C.A.iiERON: — I  think  this  argument  has  drifted  a  little 
from  the  point  at  issue.  As  I  understand  it,  Mr.  Darling 
advocates  the  meter  as  a  preventative  of  waste.  From  that 
standpoint  I  am  with  him.  From  the  peculiar  location  of 
our  plant  I  am  in  favor  of  the  companies  owning  the  meters 
as  a  part  of  the  plant,  but  that,  I  think  is  a  matter  controlled 
entirely  by  the  men  who  own  the  water  works,  but  as  far  as 
the  saving  of  water,  and  the  paying  for  the  meter  in  the 
saving  of  water,  is  concerned,  my  experience  has  been  in  the 
last  eighteen  years, — during  which  time  we  have  had,  I  sup- 
pose, 300  meters — that  they  are  very  valuable,  lo  cite  one 
instance:  We  had  a  livery  stable  assessed  at  full  value,  five 
dollars  per  month — sixty  dollars  a  year.  We  put  a  metter  on 
them,  and  they  used  the  first  month  at  the  lowest  rate  we 
could  charge  them  twenty-eight  dollars.  I  think  the  meter 
cost  twenty-two  dollars.  By  a  compromise,  we  settled  that 
bill  at  half  price,  but  the  footings  for  the  past  ten  years 
show  that  the  livery  stable  that  paid  us  five  dollars  a  month 
is  now  paying  us  twenty-two  and  twenty-three  dollarsa  month 
and  not  using  one  twelfth  of  the  water  it  did  formely.  And 
that  I  suppose  is  the  expertence  of  any  water  works  man  who 
has  tried  the  meter.  It  will  about  cover  the  case  of  any  large 
consumer. 

Mr.  Gardner: — Ownership — that  is  the  question. 

Mr.  Cameron: — I  am  not  talking  of  ownership.  That  is 
a  matter  that  is  governed  by  the  circumstances  of    the    case. 
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If  you  own  the  plant  you  want  to  run  it  as  economically  as 
possible,  to  make  dividends.  You  want  to  give  the  consumer 
everything  on  earth  he  is  entitled  to.  but  you  want  to  give  the 
stockholder  who  has  risked  his  captital  in  it,  what  he  is 
entitled  to.  On  the  subject  of  private  houses  being  supplied 
with  meters,  my  idea  is  that  there  should  be  a  minimum  rate 
of  say,  twenty- five  dollars  I  would  say  in  my  country  for  a 
residences  with  all  the  privileges,  thirty  dollars  a  year,  and 
then  to  charge  the  consumer  afterwards  what  he  uses  in 
excess  of  that.  There  is  no  use  of  putting  a  meter  in  a  private 
residence  except  in  extraordinary  cases  where  you  find  a  leak 
or  a  disposition  to  perpetually  waste  water;  then  I  would  say, 
attach  the  meter.  Now,  as  I  am  on  the  subject  of  water,  I 
call  the  attention  of  the  members  to  these  two  samples  ot 
water  I  have  brought  here,  (exhibiting  bottles  of  Wolf  River 
and  Artesian  w^ater),  we  have  now  changed  from  this  water 
(Wolf  River)  which  the  people  had  to  waste  a  great  deal  of 
in  order  to  get  any  fit  to  use. 

Mr.  Gardner: — Is  that  the  water  you  make  your  bricks 
from? 

Mr.  Cameron: — Yes,  while  using  that  water  we  had  to  be 
lenient  with  the  people  because  unless  they  allowed  the  water 
to  run,  the  pipes  would  stop  up,  and  we  have  not  had  any 
meter  but  the  Crown  or  Worthington  that  would  measure  it. 
But  now  since  we  have  this  other  sort  of  water  every  drop  of 
it  is  represented  by  greenbacks,  and  that  is  in  the  coal  and 
j)lant  and  wear  and  tear  of  machinery.  This  water  we  can't 
afford  to  let  run  to  waste.  Therefore  I  suggest  to  our  Board 
of  Directors  that  we  have  a  house  to  house  inspection,  shut 
off  every  man  who  is  found  wasting  water,  and  charge  him  a 
dollar,  as  my  friend  over  the  way  suggested,  or  two  dollars, 
and  if  necessary  have  a  policeman  to  accompany  the 
inspector  to  do  it,  because  we  have  now  an  article  that  is 
worth  money,  and  they  ought  to  pay  for  it.  I  am  with  Mr. 
Darling  entirely  in  his  remarks  on  the  subject  of  waste  of 
water.  If  it  were  practicable,  put  meters  in  the  houses  of' 
all  private  consumers,  and  it  would  be  to  the  intrrest  of  the 
water  company. 

Mr.  (tArdner: — Mr.  President,  may  I  not  ask  if  you  will 
not  favor  the  association  with  your  views  on  the  subject. 
The  question  is,  "Who  should  own  the  meters?"  The  question 
of  the  propriety  of  the  use  of  meters,  I  think  cannot  be  in  dis- 
pute; I  think  we  all  agree  that  meters  should  be  used,  but 
who  should  own  them — the  consumer  or  the    company? 
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'rm;  I'RKsiDENT: — I  woiihl  -;ay  that  would  de- 
])end  upon  circumstance^^.  In  our  practice  a  man 
("omes  to  me  antl  savs  "I  want  a  meter" — it  has  got  to  be 
\er\-  fashionable  in  our  city,  but  we  had  a  long  war  over  it  in 
ihe  attempt  to  put  meters  upon  the  service.  Now,  if  a  gentle- 
man says,'- 1  want  a  meter"^  and  the  water  com]}any  don't  want 
him  to  put  one  on  for  any  reason — for  instance  his  plumbing 
may  be  perfect-  we  say,  "Well  you  must  buy  a  meter  such  as 
will  meet  with  the  approval  of  the  water  company,  and  you 
must  in  advance  sign  this  agreement."  And  that  agreement 
sets  forth  that  the  water  cotnpany  shall  be  ))ermitted  to 
examine  the  meter  at  any  lime,  and  that  they  shall  be  per- 
mitted to  take  it  out  and  test  it  if  they  sus])ect  or  doubt  its 
accuracy,  and  that  at  the  expense  of  the  consumer.  It  also 
jjrovides  that  if  the  meter  is  injured  by  over-pressure,  sand, 
grit  or  anything  that  comes  in  constantly  and  without  the 
fault  of  the  water  company,  it  is  to  be  repaired  at  the  expense 
of  the  consumer.  But,  he  savs,  --you  put  in  a  meter  for  John 
Jones  or  Thomas  Smith  and  we  Mant  you  to  furnish  it." 
Well,  we  say.  -'If  you  will  enter  a  contract  to  pay  us  the  mini- 
mum rate  of  twenty-five  dollars  a  year  we  will  furnish  you  a 
meter."  He  replies,  "Suppose  1  do  buy  a  meter,  I  am  going 
to  move  out  of  that  house.  I  don't  know  how  long  1  will  stay 
there  and  I  don't  want  to  own  it."  '-Well,  a  meter  is  a  matter 
of  personal  property  and  when  you  mo\e  you  can  let  us 
know  and  we  will  detach  it  and  if  }'ou  have  not  damaged  it 
we  will  buy  it."  "Will  you  agree  to  buy  it  back?"  "No." 
■•Why  wont  you?"  "Because  we  do  not  want  that  element 
brought  into  the  contract:  we  sell  the  meter  to  you  and  it  is 
yours  and  we  don't  want  to  be  compelleci  to  buy  it  when  you 
sav  we  must:  we  want  to  have  a  voice  in  that."  Now.  there 
is  this  ])rincipal  of  law;  there  are  two  sides  to  this  matter:  it 
is  a  contract  between  two  persons,  the  water  company  on  one 
hand  agreeing  to  furnish  water  and  the  consumer  on  the 
other  hand  agreeing  to  pay  for  it:  but  it  is  not  an  analagous 
case  to  the  groceryman  and  his  customer,  for  there  the  cus- 
tomer has  measured  before  him  by  the  seller  what  he  has  to 
])ay  for.  In  the  case  of  the  water  consumer  there  is  a  measure 
placed  there  for  his  benifit  and  he  is  allowed  to  take  what  he 
pleases,  when  he  pleases  and  in  your  absence;  and  that  is  the 
reason  wh\-  you  have  a  right  to  demand  that  he  shall  buy  and 
|>ut  that  meter  in  its  place.  Now.  as  to  the  policy  of  the 
thing.  I  think  there  is  no  unrestricted  rule  applying  in  the 
matter.  I  don't  want  to  put  a  meter  that  costs  fifteen  dollars 
b\  the  time  it  gets  into  my  meter  store-room  for  the  sake  of 
reducing  a  man's  rate     from    what    it    would    be.    lwent\-live 
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'lollars  (l(nvu  t(j  four  dollars  a  \ear.  It  is  nol  fair  lo  ask  mc 
to  do  that.  So,  we  sav,  if  vou  want  to  save  money  you  can  save 
it  but  you  must  save  it  at  your  own  expense.  F'or  the  benefit 
of  one  the  speakers  1  will  read  a  sentence  or  two  from  a  case 
which  is  backed  u])  b\-  law  decisions  of  a  very  high  character. 
••Consumers    must     comijiv     with    leasonable  requirements." 

(See  Proceedings  1887.  ))age  83    etc..  Secretary) 
[  would  like  to  ask  Mr.  Darling    if    he    reipiires    dejiosits    for 
meters? 

Mr.  Darling: — •  No  sir;  we  do  not  require  any  dejjosit 
because  the  city  owns  the  meters:  it  is  a  part  and  parcel  of 
the  water  works.  When  a  man  builds  a  house  he  a[)plies  for 
the  water;  we  take  down  what  he  is  going  to  use  it  for;  he 
wants  one  faucet  for  one  purpose,  and  another  for  some  other 
purpose;  he  wants  a  cock  for  wetting  the  yard;  lie  is  going  to 
have  a  bath  tub,  these  are  all  put  down.  That  ret|uires  him 
to  have  a  meter  under  any  circumstances.  It  is  not  for  him 
to  elect  whether  he  will  have  it  or  not.  We  simply  say  to 
him  '"you  take  a  meter''  and  he  does.  We  charge  him  ten 
dollars,  the  minimum  price,  in  advance  for  his  water.  Now. 
if  he  exceeds  ten  dollars  in  use  of  course  he  pays  for  the 
e.Kcess.  He  may  build  six  houses  in  a  row  and  call  for  one 
meter  and  that  one  meter  will  co\  er  six  houses  Practical!}' 
then  he  pays  for  what  water  he  uses;  his  ten  dollars  is  paid  iri 
advance  on  the- meter,  but  his  water  bill  for  these  six  houses 
ma}'  be  sixty  or  seventy-five  dollars  more.  That  is  paid 
quarterly. 

Mr.  Dkn.man: — You  get  something  in  ad\ance? 

Mr.  Darling: — We  get  ten  dollars  in  advance.  We  sell 
him  ten  dollars  worth  in  advance:  he  may  get  a  faucet  which 
will  amount  to  eighteen  or  twenty  dollars  but  he  may  not  use 
but  ten  dollars  in  the  whole  \ear. 

Mr.  CaiMKRox: — If  they  are  first  class  tenements  you  don't 
get  but  ten  dollars. 

Mr.  Darling: — We  get  ten  dollnrs  if  tliey  don't  use  but 
three  or  five   faucets. 

Mr.  Dknman: — Suppose  irresponsible  persons  ilemand 
meters. 

Mr.  Darling: — They  can't  get  them  till  they  i)ay  ten 
dollars  or  proportionately  for  a  ]jart  of  a  year.  For  instance, 
a  man's  bill  is  ten  dollars  a  vear;  he  wants  the  water  onlv   for 
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a  balance  of  six  months,  then  we  take  off  five   dollars,    or    for 
every  month  we  take  off  eighty-three  cents. 

Mr.  Dexman — Suppose  it   comes  a  cold  night  and  freezes. 

Mr.  Darling: — He  pays  for  the  freeze. 

Mr.  Dexmax: — If  he  is  res])onsible? 

Mr.  Darlixg: — We  hold  the  jjrojiertv  for  the  water  bills  oi- 
abuse  of  the  meters. 

Mr.  Den.max: — If  a  barber  or  restaurant  man  comes  into 
your  office  and  demands  a  meter — 

Mr.  Darling: — He  don't  get  it  unless  he  owns  the  pro- 
perty. We  require  that  owners  shall  make  aj)plication  for 
water,  and  hold  the  property  liable.  If  a  man  sells  his  pro- 
perty and  leaves  an  unpaid  water  bill  we  hold  the  premies 
for  the  amount  for  that  bill,  the  same  it  is  held  for  ta\e<.  and 
the  property  must  pay  it. 

Mr.  Denmax: — Then  you  have  an  ortlinance  providing  for 
that? 

Mr.  Darlixg: — No  sir.  I  can  see  very  well  the  difference 
between  a  city  owning  its  own  water  works  and  a  corporation 
that  is  subject  to  the  city. 

Mr.  Dexmax: — You  have  an  ordinance  permitting  you  to 
make  that  charge  on  the  property? 

Mr.  Darling: — It  is  the  law  of  the  state. 

Mr.  Dexmax: — Then  you  have  an  advantage  under  the 
law  that  no  private  corporation  has. 

Mr.  Darling: — I  understand.  I  do  not  put  private  cor- 
porations into  that  position.  I  am  simpl\  talking  from  a 
standpoint  of  where  the  city  owns  its  own  water  works. 

A  Member: — You  don't  care  whether  you  make  any  mone\ 
or  not? 

Mr.  Darlixg: — Yes,  we  do.  We  take  care  to  see  that  it 
will  pay  us.  I  simply  give  you  my  experience  as  an  illustra- 
tion of  how  it  can  be  done  by  any  city  or  town  if  properly 
conducted. 

Mr.  Denmax: — Have  you  ever  met  with  any  losses  from 
freezing  that  you  cannot  collect? 


53 

Mr.  Darling  : — No  sir  ;  I  never  had  a  raeter  to  freeze  but  what  I 
collected  for  it.     They  are  compelled  to  paj^  it  or  the  water  is  shut  off. 

Mr.  Denman  : — I  take  it  you  collect  the  bill  without  suit  ? 

jMr.  Darling  : — Yes  sir  ;  I  never  sued  anybody  in  the  world. 

Mr.  Denman  : — But  have  you  the  right  to  levy  against  the  property 
without  suit  ? 

Mr.  Darling  : — No  sir  ;  we  should  have  to  commence  suit.  I 
should  apply  to  the  city  solicitor  ;  I  would  say,  "  Here  is  a  bill,'"  and 
put  into  his  hands  for  collection.  I  never  had  a  difficulty  or  unpleasant 
time  with  any  one.  When  he  comes  to  pay  his  bill,  of  course,  he  will 
fire  his  mouth  off  in  good  shape,  but  he  has  to  pay  before  he  gets  through. 
I  have  never  had  any  person  say  finally  he  would  not  pay. 

Mr.  Darling  : — We  have  a  gentleman  here  from  Cambridge,  and  I 
say  in  my  paper,  "except  water  works  where  they  have  a  systematic  in- 
spection." Now,  I  want  to  say  to  you  that  jVIr.  Nevons,  the  President  of 
the  New  England  Water  Works  Association,  has  a  water  works  in  Cam- 
bridge where  they  are  using  about  the  same  amount  of  water  we  do, 
about  4,000,000  gallons  a  day,  and  he  has  but  few  meters  for  he  believes 
in  a  systematic  house  to  house  inspection.  The  law  there  is  that  if  a 
man  is  caught  wasting  water  they  are  allowed  to  fine  him.  I  would  like 
to  have  the  gentleman  called  upon  to  give  his  experience,  for  I  am  sure 
it  would  prove  interesting  to  all  of  you. 

Mr.  Bo  wen  : — To  go  back  a  little  in  this  discussion,  there  is  a  ques- 
tion I  would  like  to  ask,  as  we  seem  to  have  diverted  somewhat  from  the 
point,  and  that  is,  as  to  the  right  of  a  private  company  to  charge  the 
consumer  who  elects  to  buy  his  own  meter,  a  minimum  rate  to  cover  the 
cost  of  inspection  and  frequent  taking  of  the  meter  statements.  What  is 
your  view  of  that  question  ?  Has  the  company  a  right  to  say  to  the  con- 
sumer that  notwithstanding  you  are  willing  to  buy  a  meter  and  have  it 
set  at  your  own  cost,  nevertheless  we  insist  that  we  shall  derive  a  certain 
minimum  revenue  from  that  ? 

Mr.  Denman  : — Well,  I  would  think  so,  unless  there  was  something 
in  your  charter  to  forbid  it.  In  my  own  case  I  would  refuse  to  furnish 
the  person  with  a  meter.  I  would  say,  "The  law  gives  us  the  right  to 
make  an  assessment  and  you  must  abide  by  the  assessment."     Otherwise 
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I  should  not  uiKlcrtake  to  charge  a  minimum  rate.  I  would  let  him  have 
the  water  and  charge  him  for  what  he  used.  I  do  not  know  that  there 
is  any  law  on  the  subject.  I  was  about  to.  say  that  the  moral  effect  of 
wasting  water  is  even  worse  on  a  community  than  any  loss  that  occurs  to 
the  water  company.  I  know  of  a  neighborhood  where  a  certain  man, 
who  has  what  they  call  a  "pull"  on  the  water  company,  has  three  foun- 
tains in  his  yard  and  keeps  them  running  all  the  time  until  the  weather 
gets  so  severe  as  to  make  it  inconvenient  to  get  around  the  yard,  and 
then  he  shuts  them  off,  and  as  soon  as  the  spring  sun  makes  it  warm 
enough  he  starts  them  again.  He  was  the  projector  of  the  company  or 
something  of  the  kind,  and  when  sold  out  he  reserved  the  right  to  use 
as  much  water  as  he  pleased  for  his  necessities,  and  under  the  plea  of 
necessity  he  wastes  an  immense  quantity  of  water.  I  am  told  that  that 
is  an  awful  wasteful  neighborhood,  brought  about  by  such  an  example. 
It  is  an  illustration  of  the  moral  effect — a  thing  that  costs  a  man  nothing 
he  wastes,  even  though  it  costs  somebody  else  severely. 

My  experience  accords  with  Mr.  Darling's  in  another  respect.  We 
pimip  more  water  in  January  than  we  do  in  July.  "When  the  thermome- 
ter is  :}2  or  33  degrees  below  zero  in  the  city  of  Des  Moines,  and  it  oiten 
stands  that  way,  is  the  heaviest  pumping  we  have,  we  have  to  pump 
nearly  four  million  gallons  a  day,  while  the  normal  use  of  water  is  only  a 
million  and  a  half  gallons.  Of  course  it  is  easily  to  be  jierceived  how 
and  why  it  is.  I*,  is  because  the  people,  in  order  to  keep  the  pipes  from 
freezing  and  bursting,  allow  the  water  to  run. 

Another  thing  he  spoke  of,  and  with  that  I  am  done.  In  all  my  ex- 
perience I  have  never  seen  an  over-registering  meter.  I  have  tested  a 
great  many  of  them.  We  have,  I  should  saj',  1,200  of  them  in  use  in 
Des  Moines,  and  I  have  never  seen>a  meter  that  over-registered  unless  it 
was  imperfect  in  some  way,  but  not  designedly  so.  So  I  think  any  one 
who  has  no  experience,  may  safely  say  to  the  consumer  there  is  no  dan- 
ger of  the  getting  an  over-registering  metei.  I  have  a  number  of  times 
offered  a  hundred  dollars  and  offered  to  pay  all  expenses  to  any  one  who 
would  find  an  over-registering  meter  in  the  city. 

Mn.  Daui-ino  : — I  want  to  say  one  word  on  that  subject.  We  must 
educate  the  parties  who  own  the  meters.  We  must  prove  conelasively 
to  the  customers  that  a  meter  will  not  register  against  them.  It  is  the 
general  feeling  among  consumers  that  the  meters  are  wrong  ;  they  feel 
as  if  they  were  being  cheated  and  we  must  strive  to  educate  beyond 
that  point.     You    have   to  take  them    personally  and  explain   so   that 
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every  man  that  disputes  his  bill  can  see  it.  That  is  au  important  duty 
we  have  and  we  should  do  it  find  do  it  pleasantly  and  agreeably.  But 
when  the  final  comes  tell  him  what  you  will  do,  and  do  it. 

I  find  another  thing  :  for  instance,  you  take  a  man  who  wants  two 
faucets,  when  he  begins  he  don't  take  a  sill  faucet  but  takes  two  faucets 
in  the  house,  he  thinks  that  is  all  he  needs  ;  but  then  comes  a  day  in 
July  when  it  is  pretty  hot  around  the  hou.se  and  his  garden  is  drying  up, 
slips  the  hose  on  the  inside  at  the  sink  and  runs  it  out  of  the  back  win- 
dow. That  is  not  the  only  time  he  will  do  it,  he  has  done  it  once  and 
he  will  continue  to  do  it  until  you  catch  him. 

Now,  I  find  this  :  when  a  man  has  a  meter  and  is  allowed  to  use  it 
for  all  purposes,  it  makes  a  man  out  of  him  ;  he  feels  a  great  deal  better ; 
he  says,  "I  have  a  right  to  use  for  what  I  please  and  I  will  take  a  meter 
and  pay  for  it,  then  if  I  need  the  water  I  can  use  it."  For  this  reason,  if 
for  no  other,  I  would  advocate  the  use  of  meters.  I  think  it  is  the  duty 
of  every  city  or  town  to  do  it.  I  have  notliing  to  say  about  a  private 
corporation  ;  I  have  no  advice  to  give  them  because  they  are  supposed  to 
know  their  own  business  ;  I  think,  though,  that  if  I  were  to  build  and 
maintain  a  water  works,  I  should  introduce  the  meter  system.  I  feel 
perfectly  sure  that  in  the  end,  my  dividends  would  come  all  right. 

Mr.  President  : — Now  the  Association  would  be  glad  to  hear  from 
Mr.  Nevons  on  subject  of  house  to  house  inspection. 

Mr.  Nevons  : — I  am  sure  I  feel  highly  flattered  by  this  invitation, 
but  I  had  determined  when  I  came  to  take  a  back  seat  and  listen.  I  for- 
merly worked  on  vessels,  and  I  thought  that  in  Boston  we  made  every- 
thing the  very  best  that  could  be  made,  so  when  I  heard  these  stories  of 
the  way  they  built  vessels  out  on  the  lakes — that  they  built  them,  you 
may  say,  by  the  mile — I  did  not  put  much  faith  in  such  tales.  Well,  I 
stopped  off  at  Cleveland,  and  the  next  morning  I  had  all  the  New  Eng- 
land conceit  knocked  out  of  me  at  the  first  blow  ;  I  had  to  say  to  myself 
"Have  we  been  asleep  in  New  England  ?"  I  walked  down  to  the  side 
of  a  vessel — I  had  been  at  work  on  one  of  1,800  tons  and  fitted  it  up 
with  modern  appliances — and  said  to  a  carpenter  at  work,  "will  you 
please  tell  me  how  long  the  keel  of  this  vessel  is  ?  "Yes,  it  is  206  feet." 
The  one  I  had  worked  on  was  96  feet.  I  asked,  "what  is  the  breadth  of 
beam  ?"  "Thirty-six  feet."  What  as  the  ordinary  carrying  capacity  ?  " 
''45,000  bushels  of  grain."  I  said,  "when  I  go  back  to  New  England 
and  tell  them   I   have   seen   a  vessel  of  such   dimensions  and  carrying 
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capacity  here  on  the  lakes,  they  will  tell  me  I  am  blowing."     So  I  have 
learned  to  be  very  careful. 

Now,  I  can't  begin  to  back  up  half  the  gentleman  has  said  in  flatter- 
ing remarks  about  the  modest  little  works  at  Cambridge.  I  am  a  strong 
meter  man  ;  we  only  differ  in  the  application  and  expense  connected 
with  it.  We  use  meters  on  all  our  large  supplies  and  wherever  we  think 
it  is  for  our  benefit  to  put  them.  We  have  73,000  inhabitants  to  whom 
we  supply  water,  our  consumption  being  about  4,000,000  gallons.  Does 
any  man  here  recommend  putting  meters  on  all  our  supplies  ?  I  do  not 
think  one  of  you  would. 

When  I  went  on  the  works  the  company  told  mc,  "The  works  are 
built  and  you  can  not  get  much  glory  out  of  it."  As  I  was  looking 
around  I  found  that  the  consumption  was  a  little  large,  and  that  perhaps 
I  might  get  a  little  glory  out  of  that.  I  did  gpt  plenty  of  hard  work, 
but  there  was  small  satisfaction  in  it  for  me  individually.  I  did  not 
know  anything  about  the  water  works,  and  in  order  to  find  out  whether 
there  was  any  waste  I  had  to  familiarize  myself  w^ith  the  w^orks.  So  I 
went  jjrowling  around  at  night.  At  the  end  of  six  months  I  could  have 
shut  oft"  a  section  as  well  as  any  man,  and  in  that  way  I  discovered  a 
great  many  leaks.  Our  works  were  built  in  1855,  and  you  know  at  that 
time  there  was  a  great  deal  of  worthless  cast  pipe  of  all  sorts,  and  there 
must  necessarily  have  been  many  leaks.  I  found  a  number  of  leaks  in 
our  main  pipe,  not  one  of  which  came  to  the  surface.  In  fourteen  days 
I  reduced  the  consumption  300,000  gallons  a  day. 

And  another  fhiog,  we  had  a  territory  in  our  city  that  had  been 
filled  up  ;  some  water  pipes  and  numerous  sewers  abandoned,  so  in  that 
way  there  were  drip  holes  by  which  the  water  could  be  carried  off.  I 
adopted  the  method  of  shutting  down  sections,  and  wherever  I  found 
trouble,  I  sent  an  inspector  around  to  the  houses  the  next  day^with  won- 
derful results.  As  to  this  matter  of  house  to  house  inspection,  I  think 
it  all  lies  in  having  gentlemen  for  inspectors  ;  by  that  I  mean  a  man  of 
gentlemanly  appearance,  his  boots  blacked,  well  clothed,  and  who  be- 
haves like  a  gentleman  when  he  goes  into  a  house.  Let  him  be  so  much 
of  a  gentleman  that  they  want  him  to  come.  Then  the  people  will  find 
no  fault  with  his  coming  ;  they  have  learned  to  expect  the  inspector. 
We  tell  ours,  "We  do  not  want  you  to  have  any  words  with  a  consumer  ; 
if  they  refuse  to  let  you  see  the  meter  be  as  courteous  as  if  they  had  let 
you  see  it,  come  away  and  report  at  the  office."  We  had  one  instance 
only  where  we  had  serious  trouble,  and  in  that  house  we  found  a  leak 
that  had  been  going  on  for  three  years.     I  was  three  nights  on  that  section 
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trying  to  determine  where  the  leak  was  and  to  shut  it  off.  The  inspec- 
tor I  had  sent  could  not  get  in,  and  he  was  ashamed  to  tell  me  of  it.  I 
tiually  sent  the  regular  inspector  on  that  route  and  he  reported  to  me 
that  they  refused  to  let  him  into  the  house.  I  went  right  down  after 
dinner  and  rapped  at  the  door.  A  lady  responded  and  asked,  "What  do 
you  want  ?"  I  replied,  "I  want  to  see  the  fixtures  in  your  house."  Her 
reply  was,  "There  have  been  two  or  three  others  here,  and  I  am  not  go- 
ing to  let  you  in."  I  said,  "Madam  I  must  insist  on  seeing  the  fixtures 
in  your  house,  I  am  superintendent  of  the  works."  She  hesitated.  I 
finally  said  "You  can  take  your  choice,  either  let  me  see  the  fixtures,  or 
the  water  will  be  shut  off  in  twenty  minutes."  She  finally  opened  the 
door,  and  soon  as  I  stepped  into  the  house  I  found  a  bad  leak.  Now  we 
send  our  canvassers  around  in  October.  They  are  instructed  to  see  every 
fixture  in  the  house,  and  if  one  should  find  any  leak  on  the  premises  to 
notif  J'  the  parties  at  the  time,  leaving  a  printed  notice.  At  the  end  of 
the  week  he  goes  back  to  this  place  to  see  if  the  repairs  have  been  made, 
and  almost  invariably  we  find  that  they  have. 

I  Believe  in  meters.  I  believe  in  house  to  house  inspection,  espe- 
cially in  new  works.  I  believe  in  educating  the  people,  as  has  l)een  sug- 
gested. You  can  make  good  stringent  rules  and  put  on  a  gentlemanly 
inspector — a  man  who  is  not  slouchy  or  offensive  to  the  people,  but  a 
man  who  is  courteous  and  polite  in  his  manner — and  I  think  we  can  edu- 
cate the  people  in  that  way.  Let  them  understand  that  they  can  have  all 
the  water  they  want  to  use  legitimately  but  under  no  circumstances  will 
they  be  allowed  to  waste  it. 

In  1875  there  were  radical  changes  made  in  our  city  in  regard  to 
the  grades,  in  many,  cases  cutting  them  down  so  that  during  the  winter 
many  jjipes  were  frozen,  and  the  orders  came  in  so  thick  and  fast  for 
thawing  out  pipes  that  an  order  was  issued  to  the  people  to  let  the  water 
run.  They  will  never  forget  that  order  when  it  comes  cold  weather. 
The  issuing  of  that  order  had  a  terrible  bad  effect.  Now  our  consump- 
tion in  cold  weather  just  about  balances  the  consumption  in  extremely 
hot  weather.  As  regards  meters,  I  will  add  my  testimony,  that  I  never 
knew  of  a  meter  that  would  record  in  favor  of  the  city  as  against  the 
consumer. 

^Ir.  Cameron  : — Mr.  Hermany,  superintendent  of  the  Louisville 
water  works,  ought  to  be  able  to  give  us  some  light  on  this  subject,  as  I 
understand  his  works  pump  less  water  per  capita  than  any  other  in  the 

United  States. 
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Mr.  Hermany: — ^Ir.  Chairman,  and  gentlemen  of  the  Association, 
I  will  endeavor  to  give  a  brief  resume  of  the  Louisville  Water  Works 
Company's  practice  with  reference  to  meter  supplies.  This  company  has 
always  reserved  the  right  to  apply  meters  whenever  deemed  proper  in  its 
judgment  ;  that  was  among  the  first  rules  adopted  and  published.  It  is 
rarely  the  case,  however,  that  the  company  determines  the  application  of 
a  meter,  on  the  contrary  it  is  nearly  always  the  request  of  the  consumer. 
The  first  meters  were  introduced  because  the  parties  consuming  water 
under  the  assessed  rate  were  dissatisfied  and  appealed  for  a  meter.  It 
was  in  a  rolling  mill,  in  operation  just  twenty-six  years  ago  this  very 
month,  that  the  meter  was  placed.  So  from  that  time  to  this,  in  most 
cases,  where  meters  ai"e  introduced  it  is  at  the  request  of  the  consumer ; 
in   some   cases,    however,   the    Water  Company  elects  to  attach  a  meter. 

The  mmimum  rate  at  which  meters  are  given  at  the  present  time  is 
ten  cents  a  day.  The  Company  will  not  measure  the  water  for  less  than 
that  and  a  great  many  people  who  have  assessments  made  for  their 
premises  when  the  amount  exceeds  thirty-six  dollars  per  annum  attach 
meters.  The  metei's  are  used  generally  on  the  supplies  to  manufacturing 
establishments,  hotels  and  the  like ;  there  are  very  few  of  them  in  use 
upon  the  services  of  private  families.  As  to  the  ownership  of  meters, 
they  have  always  been  owned  and  repaired  at  the  expense  of  the  Louis- 
ville Water  Comjiany.  It  has  always  been  the  policy  of  the  company  to 
do  so,  as  it  is  believed  that  the  meter  forms  a  part  of  the  distribution. 
The  company  extends  the  pipe  to.  the  property  line  except  where  the  side 
walk  is  occupied  by  vaults,  where  meters  cannot  safely  be  placed  or 
where  the  service  pipe  cannot  always  be  safely  maintained,  then  the 
Water  Compony  stops  with  the  service  at  the  curb  stone;  in  all  other 
cases  it  goes  to  the  private  premises.  The  water  meters  are  mostly 
located  on  the  side  walk,  in  small  vaults  which  are  encased  with  four 
inch  brick  walls  and  capped  with  a  metal  cover,  having  a  hole  on  top 
that  comes  level  with  the  side  walk. 

The  number  of  meters  is  not  very  great  in  proportion  to  the  total  quan- 
tity of  water  consumed.  We  have  less  than  a  1000  in  use,  while  the 
aggregate  number  of  attachments  is  11,000  and  odd. 

The  meter  system  is  believed  to  be  the  most  equitable  way  of  selling 
water  to  all  people  whose  assessments  or  consumption  of  water  amounts 
to  the  limit  fixed  by  the  company,  about  thirty-six  dollars  a  year.  The 
people  who  appeal  from  the  assessment  to  the  meter  are  very  often  dis- 
appointed.      In    the    majority    of    cases    the    consumption    by    meter 
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measurements  aggregates  an  annual  amount  greater  than  under  the  assess- 
ment plan,  and  it  is  frequently  the  case  that  where  parties  have  appealed 
to  the  meter  they  desire  to  discontinue  the  meter  and  go  back  to  the 
assessment  rate.  In  some  cases,  however,  the  meter  bills  are  a  reduction 
on  the  assessment  plan,  but  that  is  very  seldom  .  As  for  the  rate  of  con- 
sumption, the  city  of  Louisville,  perhaj)s,  uses  less  water  per  caj^ita  than 
any  city  in  which  water  works  has  been  in  operation  for  as  long  a  time 
as  here.  The  Water  Company  employs  two  ins^iectors,  whose  exclusive 
business  it  is  to  inspect  the  waste  of  water  from  house  to  house. 


When  they  inspect  a  house  and  find  water  being  wasted,  written  noti- 
fication of  the  fact  is  given,  and  after  the  lapse  of  a  reasonable  length  of 
time  the  premises  are  reinspeted  and  usually  the  repairs  are  found  made. 
In  some  cases  the  people  disregard  the  request  and  second  and  third  noti- 
fications have  to  be  sent  and  occasionally  water  has  to  be  shut  off  in  order 
to  secure  repairs,  but  the  moral  effect,  as  well  as  a  business  effect,  the 
actual  results  from  house  to  house  inspection  are  good,  especially  when 
made  in  a  proper  and  kindly  manner  by  intelligent  and  diligent  inpectors. 


The  wear  and  tear  on  meters  in  a  water  supply  like  this  from  the  Ohio 
River  which  has  a  great  deal  of  sediment  and  grit,  is  considerable.  The 
water  meters  need  constant  attention  and  repairs  and  they  are  perhaps 
more  costly  to  maintain  than  they  would  be  in  cities  where  the  water  is 
comparatively  clear ;  but  the  company  keeps  them  in  repair  nevertheless, 
and  experience  has  shown  that  it  is  to  the  interest  of  the  company  to  sell 
water  by  meter  measurement,  because  if  not  sold  in  that  way  to  large 
consumers  they  would  certainly  use  much  larger  volume  for  the  same 
money  than  we  receive  now.  Water  when  gathered  from  gathering 
grounds,  or  when  elevated  from  a  running  stream  into  reservoirs  and 
brought  into  a  city,  large  or  small  and  contained  in  a  system  of  distribu- 
tion pipes  held  in  readiness  twenty-four  hours  a  day  and  365  days  in  a 
year,  becomes  a  merchantable  commodity  and  should  be  so  handled,  and 
not  as  a  storehouse  of  public  necessity,  to  be  dealt  out  in  a  benevolent 
manner.  I  am  therefore,  individually,  clear  of  the  opinion  that  the  meter 
system  is  the  only  proper  way  to  distribute  and  sell  water  and  that  it  is 
the  most  economical  way. 

If  the  water  supplies  to  the  cities  of  the  United  States  were  measured, 
or  the  water  was  sold  by  meter  measurement,  the  volume  would  be  re- 
duced QQii,  without  any  detriment  whatever  to  the  public  convenience. 


6o 

My  observation  convinces  me  that  for  every  gallon  of  water  legitimately 
used,  that  is,  used  for  good  and  servicable  purposes,  two  gallans  are 
wasted.  In  a  business,  which  is  influenced  and  controlled  by  so  many 
varying  conditions,  it  is,  of  course,  a  matter  of  impossibility  to  lay  down 
any  fixed  rules,  and  I  think  the  experience  that  has  been  stated  this 
evening  establishes  that  fact.  Xotwithstanding  all  that  the  principle  of 
treating  water  as  a  merchantable  commodity  and  so  selling  it  in  my  judg- 
ment is  the  only  correct  way  of  distributing  and  selling  it.  I  am  much 
obliged  to  you  gentlemen,  for  your  attention. 

The  President  : — The  Chair  recognized  Mr.  Donahue  a  while  ago. 

Mr.  Donahue  : — I  only  wanted  to  make  a  few  remarks  of  perhaps  a 
little  importance.  Several  gentlemen  stated  that  they  never  heard  of  a 
meter  that  registered  more  water  than  passed  through  it.  I  can,  however, 
instance  a  case  of  a  meter  that  registered  continually  although  no  water 
passed  through  it. 

A  Member  : — That  was  wind. 

Mr.  Donahue: — No  sir;  it  was  water.  This  was  under  peculiar  cir- 
cumstances and  might  not  occur  once  in  a  hundred  times.  We  had  a 
meter  placed  in  Davenport,  a  Sister's  Academy.  As  you  may  know  the 
sisters  are  very  careful  and  very  industrious.  Their  water  bills  were 
very  high,  running  up  as  high  as  seventy-five  and  eighty  dollars  a  month. 
They  tried  to  economize  in  water,  and  they  were  very  careful;  still  the 
bills  came  up  the  same.  They  complained  of  the  meter.  "We  took 
the  meter  out  and  tested  it,  and  found  it  perfectly  correct ;  there  was  no 
fault  to  be  found  with  it.  We  asked  permission  to  inspect  the  premises 
and  make  a  careful  examination  We  went  there  and  sealed  all  their 
tajjs  and  watched  the  meter  for  several  days.  We  found  the  meter  regis- 
tering right  along  with  the  taps  sealed.  We  naturally  came  to  the  con- 
clusion there  was  an  underground  leak  that  did  not  show  itself;  so  we 
proceeded  to  make  test  for  that  leak.  We  disconnected  the  meter,  put 
on  a  gauge  and  pumped  up  to  a  hundred  pounds  pressure  on  the  pipes, 
letting  them  stand  under  the  pressure  all  night,  went  back  the  next 
morning  and  found  no  leak  in  the  pipes.  The  long  and  short  of  it  was 
this.  This  academy  was  situated  about  gve  or  six  blocks  from 
our  reservoir  and  pumping  station,  our  high  service  stations 
as  it  is  called,  where  we  have  a  crank  and  fly  wheel  engine, 
and    where    we    have    very    little     consumption      of      water     as     the 
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engine  made  only  about  six  or  seven  revolutions  a  minute;  it 
would  stop  on  the  center.  The  action  of  the  engine  was  verv 
irregular  and  slow,  consequently  there  was  a  kind  of  a 
hammer  on  the- pipes  at  this  place.  The  pressure  indicated 
on  the  gauge  would  go  up  according  to  the  stroke  of  the 
pump;  in  fact,  we  can  watch  the  stroke  of  the  pump  from  the 
pressure  on  the  gauge.  The  academy  building  I  think  is 
three  stories  in  height,  and  they  had  a  two  inch  stand  pipe 
for  fire  protection;  we  found  that  air  accumulated  in  this 
stand  pipe,  considerable  of  it.  The  meter  we  had  in  happened 
to  be  a  Worthington  meter,  and  the  registering  part  of  it  was 
worked  by  a  ratchet.  Each  stroke  of  the  pump  would  increase 
the  pressure  in  this  pipe.  The  air  formed  a  cushion  which 
would  allow  the  water  to  follow  up  in  the  pipe  and  compress 
the  air.  That  would  allow  the  piston  of  the  meter  to  go  forward, 
and  as  the  pump  would  pause  on  the  center  the  piston  woiild 
go  back  and  no  water  pass;  it  would  go  far  enough  to  catch 
the  ratchet  and  thus  register.  I  cite  that  case  in  answer  to 
Mr.  Diven's  offer  of  Sioo  to  find  a  meter  that  registered 
without  water    passing. 

On  motion  the  meeting  thereupon  adjourned  until  Wednes- 
day morning  at  ten  o'clock. 


SECOND    DAY. 


Wednesday,  April   17th. 

The  President  called    the  meeting  to  order  at  10  o'clock. 

Mr.  Russell: — In  further  discussion  of  Mr.  Darling's 
paper  of  last  night  I  have  a  few  scattering  ideas  1  would  like 
to  suggest.  Mr.  Darling  has  a  very  convincing  style  of  read- 
ing a  paper,  and  I  confess  when  1  got  through  listening  to 
him  last  night  all  my  preconceived  ideas  about  the  subject 
were  pretty  well  upset.  I  had  to  sleep  off  effects  of  his 
arguments  before  I  could  come  back  to  my  bearings.  It 
is  very  easy  to  undestand  how  Mr.  Darling  can  get  con- 
sumers to  say  things  to  him  that  they  would  not  say  to 
any  other  Water  Works  Company.  I  imagine,  in  fact  I 
am  pretty  sure,  the  water  Mr.  Darling  has  in  use  is  clear 
water,  as  translucent  as  the  Kentucky  atmosphere;  but  we 
have  a  different    state    of  things  in    the    west.     There  the 
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muddy  water  that  has  to  be  used  makes  the  item  of  main- 
tenance of  meters  quite  a  large  one.  You  will  find  that 
the  repairs  of  meters  are  very  frequently  of  more  import- 
ance .than  the  original  cost.  The  system  [  we  have  in  GSt. 
Louis  is  very  much  the  same  as  our  President  has  named: 
that  is,  we  have  a  license  and  the  consumer  has  priv'ilegeof 
using  a  meter.  At  the  same  time,  if  we  think  the  consumer 
is  using  more  water  than  he  is  paying  for  we  have  the  privi- 
lege of  putting  in  a  meter.  Now,  it  has  been  found  that 
the  average  consumer,  the  average  householder,  cannot 
afford  to  buy  a  meter  and  pay  for  the  repairs.  The  repairs 
amount  to  more  than  he  can  save  by  taking  care  of  the  water. 
It  seems  to  me  that  is  an  arguinent  in  the  direction  of  not 
putting  them  in,  if  the  consumers  cannot  save  enough  in  the 
consumption  of  water  to  pay  for  the  cost  of  jnitting  in  and 
keeping  the  meter  in  repair.  We  get  coal  for  about  Si. 50 
a  ton;  we  have  an  unlimited  supply,  so  that  does  not  bother 
us  any.  As  to  the  size  of  the  pipes,  it  is  true  the  pipes 
would  not  be  affected  by  the  use  of  meters  because  that  is 
determined  by  the  fire  protection.  When  the  pipes  are  large 
enough  for  the  fire  use  they  are  large  enough  to  supplv  the 
domestic  recpiirements,  except  perhaps  the  force  mains 
would  be  required  to  be  larger  for  domestic  consumption.  I  , 
perfectly  agree  with  Mr.  Hermany  that  the  measurement  of 
water  and  the  sale  of  it  as  a  merchantable  commodity  is  the 
thing  to  be  aimed  at,  but  I  do  not  think  it  is  in  all  cases 
advisable  to  use  them  entirely  as  Mr.  Darling  does.  Of 
course,  if  the  consumer  would  not  take  any  more  water  than 
he  uses,  meters  would  be  a  pure  waste  of  money;  I  am  a 
householder  myself  and  I  look  at  the  other  si'de  of  this 
question,  I  do  not  think  that  consumers  as  a  rule  will  waste 
water  unless  they  have  some  good  reason  for  it.  There  is 
one  jioint  in  Mr.  Darling's  remarks  that  I  did  not  clearly  un- 
derstand, and  that  is  in  regard  to  his  hold  on  the  property  for 
his  water  bill;  he  spoke  as  if  he  held  a  claim  on  the  property 
that  enables  him  to  alwavs  get  paid  for  the    water. 

Mr.  Daklin'c;.- — If  the  gentlemen  will  permit  me  I  will 
make  a  little  explanation  on  that  point.  The  law  of  the 
state  -ijrovides  that  the  property  shall  be  liable  for  the 
water  rents.  Therefore,  we  hold  them  in  the  same  way 
they  are  held  for  ordinary  taxes.  Every  town  assesses 
taxes  and  the  law  provides  for  their  collection.  In 
the  case  of  water  works  we  had  to  have  the  same  principle 
ap])lie(l.  So,  the  gentleman  will  understand  that  it  is  a  law 
that  ijroduces  that  result. 


Mr.  Russkll.- — Does  the  money  come  from  the  landlord 
<jr  the  tenant? 

Mr.  Darling.- — All  services  are  rendered  in  the  landlord's 
name.  The  bill  is  made  to  him  direct  and  if  the  tenant  sees 
fit  to  pay  it  we  don't  object;  we  care  not  who  pays  the  bill  so 
it  is  paid. 

Mr.  Decker.- — In  my  annual  report  yssterday,  I  made 
reference  to  the  death  of  Mr.  Harvey  Gaskell,  one  of  our 
most  eminent  members,  a  leader  in  all  matters  pertaining  to 
water  works  and  their  machinery;  and  I  would  move  that  a 
committee  be  appointed  to  report  such  suitable  action  to  be 
taken  by  this  association  on  the  death  af  Mr.  Gaskell  as  is 
appropriate  to  express  our  sense  of  the  great  loss  that  the 
country,  and  this  association  in  particular,  has  thereby  suffered. 

The  President: — Gentleman,  it  is  eminently  proper  that  in 
the  midst  of  the  activities  of  our  lives  we  should  pause  to 
droD  a  tear  over  the  freshly  made  grave  of  a  departed  brother. 
He  has  simply  preceded  us;  he  has  gone  the  way  we  must 
all  go,  and  the  days  are  but  short  before  it  will  be  said  of 
each  of  us,  he  has  gone.  I  knew  Mr.  Gaskell  quite  well.  I 
knew  him  to  admire  him  as  a  gentleman  in  all  that  the  term 
implies.  Modest  in  his  demeanor,  a  man  who  neglected  no 
duty  of  his  life,  a  man  who  only  forty-four  years  of  age  had 
already  filled  out  a  well  rounded  career.  The  Chair  will 
appoint  Mr.  Charles  Hermany  of  Louisville  to  act  as  chair- 
man of  a  committee  with  the  request  to  him  to  select  his 
associates  for  the  purpose  named  in  the  motion. 

The  President.- — The  meeting  will  now  proceed  with  the 
regular  order.  We  have  a  paper  by  Mr.  Emil  Geyelin,  enti- 
tled "Analysis  of  Mechanical  Filter  Actions." 

Mr.  Geyelin  read  as   follows. 

ANALYSIS  OF  MECHANICAL    FILTER   ACTIONS 

The  Peesidenx  and  Me  vibebs  of  the  Watee  Wobks  Association. 

Gentleman: — Listening  at  one  of  the  sessions  of  last  year's  meeting 
in  Cleveland,  to  the  report  of  Captain  Richards  on  the  filter  plant  of 
Atlauta.  then  recently  put  into  operation.  I  feJt  that  a  report  on  filters 
in  general  could  hardly  fail  to  be  of  interest  to  the  Association. 

I  therefore  resolyed  that,  if  agreeable  to  you.  I  would,  after  continuing 
my  studidts.  then  begun,  on  various  filters,  present  an  analysis  of  their 
mechanical  action.  Though  far  from  complete,  I  trust  they  may  serve 
some  member  in  his  investigation  as  to  their  comparative  merits. 
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As  the  population  around  existing  centers  increases  and  the  streams 
in  their  vicinity  become  more  and  more  polluted,  an  intelligent  com- 
munity demands  of  its  Hydraulic  Engineer  to  stay  the  deleterious  effect 
this  impure  water  has  when  used  for  drinking  purposes,  by  his  remov- 
ing from  the  water  whatever  is  poisonous.  Three  modes  of  attack  are 
open  to  him.  neither  of  which  when  used  alone  produce  perfect  results; 
these  are,  first,  the  providing  and  maintaining  an  intercepting  system 
for  the  control  of  the  greater  part  of  the  insoluble  organic  matter, 
thereby  preventing  it  from  entering  the  river,  or.  if  not  practical,  the 
exposure  of  thus  charged  water  to  the  oxidizing  effect  of  tVie  air  as 
much  as  it  is  feasible.  Second,  in  the  storing  of  the  more  or  less  impure 
water  in  reservoirs,  allowing  any  foreign  matter  in  suspension  to  sub- 
side and  settle  to  the  bottom.  Third,  which  is  the  mode  alone  before 
us.  namely,  the  mechanical,  (sometimes  aided  by  chemicals )  removal  of 
suspended  foreign  matter  by  filtering.  Filtration  is  to-day.  alone 
resorted  to  where  the  storing  of  larger  bodies  of  water  is  imjiractic- 
able.  yet  it  could  easily  be  demonstrated  that  as  we  advance  in  the 
knowledge  the  application  of  hygienic  laws  have  on  the  health  of  the 
people,  we  will  cease  to  fill  the  bottoms  of  our  reservoirs  with  putrefy- 
ing matter,  and  per  contr.  filter  all  water  that  enters  our  pumping 
machinery. 

Nature,  in  proximity  to  centres  of  population,  in  rare  instances  offers 
natural  filter-beds:  these  are  beds  of  gravel  through  which  water  percol- 
ates on  its  passage  to  a  lower  level.  The  inventors  of  the  various  filter 
systems,  adapted  to  city  use.  have  to  a  great  extent,  followed  the 
example  nature  set  before  them  In  all  cases  either  more  or  less 
coarse  sand  or  porous  or  broken  material  is  made  to  serve  as  inter- 
cepting material.  Yet  they  could  not  wholly  do  so.  as  contraction  of 
space  and  the  demand  for  comparatively  large  bodies  of  water  forced 
them  to  call  in.  in  some  instances,  the  aid  of  an  accelerator  in  the  form 
of  chemicals,  so  as  to  create  a  coagulant.  This  accelerator,  varying  but 
slightly  m  quantity  in  the  different  systems,  depends  on  the  greater  or 
lesser  deptli  or  length  or  coarseness  of  the  filtering  material  through 
which  the  impure  water  is  made  to  pass. 

The  object  of  this  paper  is  to  present  in  a  condensed  form  the 
mechanical  operations  of  the  different  filter  systems  before  the  public, 
as  well  as  to  point  out  the  different  modes  adopted  for  the  restoration 
of  intercepting  material  to  comparative  purity  after  it  has  become 
charged  with  foreign  matter. 

By  looking  over  the  list  of  names  and  titles  of  filters  to  whom  we 
are  indebted  for  the  boon  of  removing  deleterious  matter  in  suspense, 
we  notice  nine  names  more  prominent:  these  are  the  Hyatt,  the 
National,  the  Oliphant.  the  Roeske.  the  Warren,  the  American,  the 
Crocker,  the  Jewell  and  the  West. 

With  the  view  of  assisting  the  members  to  follow  me,  I  have  prepared 
a  chart  of  each  of  these  several  filters,  illustrating  them  as  far  as  I 
understand  their  pamphlets. 


THE  HYATT  FILTER. 


The  Hyatt  I* liter  is  a  round  closed  chamber  placed  in  a  vertical  posi- 
tion made  strong  enough  either  in  iron  or  steel,  to  resist  a  great  press- 
ure. The  feature  of  being  closed  and  made  to  resist  great  pressure, 
(oft^n  reaching  120  pounds  or  more  to  the  square  inch)  is  common  to 
all  other  filters.     I  can  find  but  two  which  filter  in  the  open  air.  namely. 
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the  Warren  and  the  West.  This  strong  chamber  of  the  Hyatt  filter, 
is  divided  horizontally  into  two  sections,  a  lower  and  an  upper  one. 
The  filtering  material,  composed  of  coarse  sand  and  intermixed  with 
coke,  is  when  in  action  of  filtering,  placed  in  the  lower  section  to  the 
depth  of  several  feet.  The  water  to  be  filtered  is  introduced  on  the 
top  of  this  filtering  material,  passes  downward  and  out  as  filtered  water. 
When  the  filtering  mass  becomes  so  clogged  with  intercepted  matter 
as  to  materially  check  flow  of  tlie  filtered  water,  the  filter  is  made  to 
undergo  a  process  of  cleaning;  this  is  done  by  admitting  water  under 
pressure  underneath  the  filter  bed  which  forces  both  filtering  material 
and  intercepted  matter  through  seven  pipes  into  the  upper  section  of 
the  filter,  where  the  process  of  cleaning  is  continued  until  the  water 
runs  perfectly  clear.      When    freed  of  impurities  the   filtering   material 


is  made  to  jiass  again  into  the  lower  section.  The  interuption  of  the 
process  of  filtering,  while  the  washing  is  going  on,  is  met  in  this 
case,  as  in  all  others,  by  having  a  series  of  filter  chambers  so  as  to  be 
able  to  dispense  with  any  special  one  for  sometime.  In  many  instances 
when  the  water  to  be  filtered  is  tolerable  free  from  foreign  matter,  very 
little  if  any  coagulant  is  used,  but  when  used,  it  is  mainly  in  the  shape 
of  dissolved  alum  in  such  small  quantities  as  to  be  in  no  way  injurious 
to  the  health  of  those  who  drink  it. 

By  following  the  action  of  the  water  and  filtering  material  while 
un  tergoing  the  process  of  cleaning,  namely,  by  being  displaced  from 
the  lower  to  the  uppe  section^  one  can  hardly  fail  to  note  the  efiicient 
mod  >  of  detaching  any  film  that  may  have  attached  itself  to  the 
particles  of  filtering  material.  It  is  asserted  that  this  process  of 
transferring  is  at  a  cost  of  a  comparatively  large  body  of  filtered  water 
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with  which  it  is  claimed,  per  contra,  corresponding  results  are  produced. 
Every  gallon  of  water  so  used  acquired  double  value,  first  from  the 
fact  of  having  been  acted  upon  by  the  pumps,  then  again  by  having 
passed  through  the  hlters.* 


THE  NATIONAL 


The  National  Filter  is  very  simple  in  its  construction:  it  is  a  vertical 
cylinder  filled  with  filtering  material,  the  water  to  be  filtered  passes 
from  the  upper  part  downward  and  out.     For  the  purpose  of  cleaning. 


*The  Hvatt  Company  has.  since  the  last  meeting  of  this  society,  made  two 
other  styles  <)"f  filters.  In'each  case  the  middle  division  placed  horizontally  is  dif- 
peused  with,  it  being  claimed  that  this  violent  action  of  displacement  is  not  necessary 
ininstanceswheie  the  water  to  be  flltertd  does  not  have  a  sticky  ^ediment.  In  the 
first  of  these  new  styles,  the  filter  bp<l  is  divided  into  three  compartments, 
into  either  of  which  the  full  pressure  of  the  pumps  can  be  concentrated  for  the  pur- 
pose of  wasliing.  ,        ,         .     »,.  .         t 

In  the  second  style  the  filter  consist*  of  an  undivided  chamber,  m  the  center  <if 
which  a  vertical  hollow  stem  extends  from  the  bottom  to  the  top  of  the  chamber. 
At  right  angles  with  this  stem  extend.s  a  perforated  arm.  This  stem  and  arm  can  be 
placed  in  auy  position  around  the  center  of  the  ^tcmi  u^ed,  and  by  means  of  n 
ratchet  wheel  can  be  held  thus,  admitting  the  water  for  the  puri.ose  of  cleaning, 
alternately  at  all  p;)ints. 
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two  aJmissions  of  tiltered  water  under  jji-essure  are  miide.  in  each  case 
into  perforated  arms  spread  in  a  horizontal  plane.  The  tirst  is  at  the 
bottom  of  i  he  filtering  material,  and  the  second  is  within  five  or  six 
mches  of  the  top  of  the  filtering  material.  This  arrangement  permits 
independent  cleaning  either  top  and  bottom.  The  top,  on  acoimt  of 
receiving  much  the  greatest  amount  of  the  intercepted  matter  requirin<r 
cleaning  the  most,  a  decided  advantage  is  claimed  by  the  owuersof  this 
system. 

I  would  however,  call  special  attention  to  the  fact  that  if  the  Engineer 
m  making  his  selection  of  any  filter,  has  in  view  the  removal  of  any 
slimy  or  sticky  matter,  with  such  means  as  the  mere  injecting  of  water 
into  a  large  body  of  material,  he  may  not  find  the  desired  results  to  be 
c  miplete.  This  remark  would  seem  to  apply  more  or  less  to  most  of 
the  filters.  Incomplete  washing,  it  is  well  \nown.  especially  where 
porous  substances  are  used,  becomes  a  source  of  danger.  This  is  so 
much  the  case,  that  any  porous  material  (mce  saturated  with  foreign 
matter,  is  hardly  ever  used  again  for  filtering.  ° 


THE   OLIFHAXT. 


The  Oliphant  Filter,  like  its  above  described  predecessors,  is  encased 
in  a  round  iron  or  steel  chamber  but  it  is  placed  in  a  horizontal  posi- 
tion. The  impure  water  is  admitted  on  top  of  a  section  filled  with 
broken  coke,  through  which  it  partly  divests  itseif  of  foreign  matter. 
At  the  bottom  an  inclined  plate  obliges  the  water  to  take  a  more  or  le.su 


6S 

hurizantal  direction,  wheu  it  comes  in  contact  with  a  body  of  sand  on 
its  way  upward.  It.  like  its  predecessor,  the  National,  is  jjrovided  with 
seperate  jets,  so  as  to  reach  either  section  of  filtering  material:  having 
the  feature  of  ending  the  filtering  by  making  the  water  take  an  upward 
course,  it  would  seem  to  be  the  result  of  mature  thought,  the  result 
being  a  filtered  water  free  from  any  particle  of  sand* 

THE   ROESKE. 


The  recently  constructed  Roeske  Filters  are  composed  of  six  sections 
of  an  annular  chamber,  filled  with  coarse  sand,  and  a  central  chamber 
tilled  with  broken  coke:  connection  between  the  outer  sections  and 
inner  part  is  made  at  the  '•ottom.  The  impure  water  is  admitted  at  the 
top,  flows  downward,  enters  the  connecting  pij^es  and  rises  to  the  top 
of  the  coke.  It  is  claimed  for  the  Roeske  as  well  as  for  the  Oliphant. 
that  the  fact  of  discharging  upwards,  prevents  any  fine  sand  from  fol- 
lowing the  filtered  water  and  lodging  with  the  valves  or  stops. 

The  RjBske  like  the  Oliphant,  provides  separate  jets  of  filtered  water, 
so  as  to  clean  independently,  the  upper  stratum  of  either  coke  or  sand. 
Ihe  distinguished  feature,  however  of  the  Roeske  is,  that  it  is  pro- 
vided with  steam  connection,  wherewith  the  filtering  material,  is  made 
to  undergo  an  occasional  boiling  bath,  thereby  dissolving  more  effectu- 
ally intercepted  matter,  and  destroying  any  animalculae  that  may  be 
in  the  filter.  Since  writing  this  review  on  filters.  I  have  seen  plans  of 
a  Roeske  Filter  intended  to  filter  in  the  open  air.  the  action  of  cleaning 
is  identical  with  that  of  the  closed  filter. 


THE    WARREN. 


All  the  filters  heretofore  named,  as  well  as  those  which  are  to  follow, 
with  the  exception  of  the  West  Filter,  are  closed  iron  or  steel  cham- 
bers, the  impure  water  on  its  passage  through  the  filter  being  under 
considerable  pressure.  The  Warren  Filter  per  contra,  is  an  open  air 
filter,  that  is,  the  impure  water  enters  an  open  tank  mainly  made  of 
brick  or  wood.  The  water  is  made  to  descend  and  flows  into  a  side 
channel  under  a  difference  of  level  of  the  one  at  which  the  water  enters 
the  filter  of  about  eighteen  to  twenty  inches.  This  feature  of  the  War- 
ren Filter  especially  adapts  it  in  cases  where  it  is  desired  to  filter  the 
water  before  it  enters  the  pumps.  A  decided  saving  is  claimed  for 
this  feature,  as  no  silicious  matter  can  enter  the  pumping  machinery 
and  cut  out  the  valve  seats,  piston  rods,  cylinders  or  rings.  Another 
distinguishing  feature  of  the  Warren  Filter  is,  that  during  the  process 
of  filtering  as  well  as  cleaning,  a  slow,  circular  rake  motion  is  brought 
into  use,  which  is  operated  a  few  inches  below  the  upper  surface  of  the 
filtering  material  while  filtering,    thus  disturbing  any  intercepted    mat- 

*Since  writing;  the  paper  Mr.  Oliphant  presented  to  me  plans*  of  the  construc- 
tion of  a  filter,  in  which  the  water  enters  the  top.  at  the  small  end  of  a  divided  cylin- 
der, where  it  meets  coarse  gravel,  through  which  the  water  partly  divests  itself  of 
foreign  matter  aud  percolates  downward  to  the  bottom.  The  lower  part  of  the 
divided  plate  being  removed,  the  water  passes  along  the  bottom  of  the  long  part  of 
the  cylinder,  from  there  it  passes  upward  through  a  series  of  horizontal  screens  hold- 
ing coarse  and  fine  sand  alternately,  to  an  upper  space  as  filtered  water.  The  screens 
are  so  arranged  that  they  can  be  drawn  independently  by  opening  plates  secured  to 
one  end  of  the  filter  cylinder. 
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ter  from  forming  a  crust.  This  same  rake  motion  is  made  use  of, 
when  cleajiing  is  going  on,  by  being  made  to  penetrate  the  whole 
depth  of  the  filtering  material,  thereby  rubbing  against  every  particle 
and  hastening  the  time  of  cleaning  which  is  begun  by  using  first,  the 
impure  water  and  finishing  by  using  filtered  water  under  pressure.  We 
have  noted,  that  in  the  Roeske  Filter,  steam  is  brought  into  use  as  an 
assistant  in  cleaning.  In  the  Warren  Filter  we  note  the  necessity  of  a 
continuou.s  power  to  give  motion  to  the  circular  rake.     Where  steam  is 
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at  hand  for  pumping  or  heating  purposes,  "the  cost  of  the  former  is 
hardly  to  be  considered  as  it  is  seldom  used.  In  the  W^arren,  it  is 
of  some  consequence,  but  not  much,  as  the  power  needed  is  slight. 

The  Warren  Filter  is  also  being  constructed  so  as  to  filter  under 
high  pressure;  in  this  case  the  brick  or  wood  chamber  is  replaced  by 
one  in  cast  iron.  The  mechanical  action  of  the  circular  rake  for  the 
purpose  of  hastening  the  cleaning  process,  remains  the  same. 

THE    AMERICAN. 


The    Filter  known  as  the  American,  is,  like   all    high  pressure    filters, 
made  to  resist  great  pressure.     The  impure  water  is  introduced  into  the 
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top,  the  filtering  going  on  by  the  water  flowing  downward.  The  upper 
strata  of  the  filtering  material  while  the  filtering  is  going  on.  is  pen- 
etrated by  radiating  arms,  provided  with  many  orifices,  through  wliich 
an  occasional  jet  can  be  made  to  act  on  the  sand.  These  radiating 
arms,  by  means  of  a  plunger,  acted  upon  by  Hydraulic  pressure,  are 
made  to  descend  to  any  depth  of  the  filtering  material  and  at  the  same 
time  eject  clear  water  under  pressure. 

Looking  at  the  large  body  of  sand  and  the  numerous    arms,   it    would 
seem  that  with  a  very  great  pressure    of  water    alone,  the    particles  of 
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sand  could  be  sufficeutly  acted  upon,  to  thoroughly  clean  them.  This 
tilter  presents  a  valuable  feature,  namely,  by  means  o'  pressure 
guages  put  on  both  the  receiving  and  the  discharge  pipes,  the  operator 
can  ascertain  to  what  extent  the  filter  is  clogged. 

THE  CROCKER. 


The  Crocker  Filter  is  a  closed  oblong  cylinder,  holding  the  usual  filter- 
ing material.  The  process  of  filtering  is  upward  and  at  the  same  time 
a  more  or  less  horizontal  direction.  The  distinguishing  feature  of  the 
the  Crocker  Filter  is,  that  for  the  purpose  of  cleaning,  the  cylinder  witti 
all  its  contents,  is  made  to  revolve  horizontally  on  trunnions  secured  to 
the  ends  of  the  elongated  cylinders.  The  effect  is  the  tumbling  about 
of  the  filtering  material,  which  necessarily  shortens  the  time  of  cleaning. 
This  is  as  stated  before,  a  factor  in  estimating  the  merits  of  filters. 

THE    WEST  SYSTEM 


The  West  System,  like  the  Warren,  is  an  open  air  filter,  the  water  is 
received  in  its  impure  state  into  a  series  of  reservoirs  placed  immedi- 
ately over  corresponding  series  of  filtering  beds,  the  bottoms  of  these 
upoer  reservoirs  ar3  perforated  in  so  minute  a  manner  as  to  allow  the 
water  to  pass  only  in  a  restricted  and  divided  manner  into  the  filter  bed 
underneath.  The  advantage  claimed  for  this  arrangement  is.  that  it 
relieves  the  filtering  material  of  any  excessive  pressure,  which  a  large 
body  over  it  would  cause,  l)ut  as  the  capacity  of  filtering  of  a  given  bed 
must  necessarily  vary  as  the  bed  becomes  clogged,  the  surplus  water 
must  accumlate  on  top  of  the  filtering  material.  The  water  from  the 
upper  reservoirs  passes  downward  through  the  filter  bed  and  enteis 
still  lower  down  and  separated  from  the  latter,  into  the  channel  into 
the  large  reservoir  immediately  underneath.  The  water,  percolating  into 
space,  is  thus  exposed  to  the  oxidizing  effect  of  the  atmosphere,  which 
is  certainly  a  valuable  feature  of  the  West  Filter.  There  ninains  yet 
another  distinguishing  feature  in  the  West  Filter,  namely,  that  it  is 
placed  under  a  roof,  thus  preventing  the  action  of  the  rays  of  the  sun 
having  an  injurious  effect  on  the  water.  This  idea  is,  however,  only 
applicable  in  the  case  of  small  filters. 

Coming  now  to  the  manner  of  cleaning  the  filtering  material  in  the 
West  System,  the  most  important  feature  in  any  filter,  there  seems  no 
further  provision  made  than  for  the  actual  bodily  removal  of  the  filter- 
ing material,  chargec"  with  inter  epted  matter,  each  time  the  filter  bed 
needs  cleaning.  For  this  removal  however,  every  facility  is  made  by 
way  of  hoists  and  tramways.  la  this  system,  it  will  be  noted  also,  that 
there  is  no  provision  made  for  injecting  clear  water  under  pressure  to 
dislodge  and  dissolve  intercepted  matter,  nor  are  there  any  means  to 
collect  the  filth  charged  water,  neither  is  there  any  local  mechanical 
appliance  to  hasten  this  cleaning  process  as  is  the  case  in  others  we 
have  passed  in  review. 

THE  WARREN  HIGH  PRESSURE. 

Acts  like  the  open  air  filter,  but  is  enclosed  in  an  iron  chamber  so 
as  to  withstand  any  pressure  of  the  water. 
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THE  JEWELL. 

The  Jewell  System  consists  of  an  upright  steel  cylinder,  strongly 
made,  and  water  tight,  filled  with  ordinary  filtering  material.  The 
water  to  be  filtered  is  admitted  to  the  top  and  pours  downward  and  out 
through  a  half  dozen    collecting  screens,    merged    into   one.     For    the 


purpose  of  washing  the  filtering  material,  when  charged  with  foreign 
matter,  clear  water  is  admitted  under  pressure,  at  the  very  bottom  of 
the  filter  through  hundreds  of  small  valves  ingeniously  constructed. 
The  current  is  upward  and  will  free  the  filtering  material  of  any  impur- 
ities.    It  will  be  noted  that  the  Jewell  provides  no  means  of    injecting 
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clear  water  Immediately  below  the  upper  section  of  the  filtering  mater- 
'  iaU  thus  no  partial  washing  can  be  done,  the  owners  of  the  system 
claiming  it  is  not  desirable  or  advantageous.  Looking  now 
at  the  whole  filtering  family,  one  notices  but  slight  difference 
either  in  filtering  material  used,  or  the  likely  results  obtained  under 
similar  circumstances.  The  water  is  made  to  pass  for  a  longer  or 
shorter  distance  through  more  or  less  sand  or  broken  coke.  The 
flowage  being  retarded  correspondingly  much  or  little,  as  the  distance 
is  shortened  or  lengthened  on  the  one  side,  or  the  material  is  coarse  or 
fine  on  the  other.  The  main  difference  seems  to  be  in  the  modes  of 
cleaning  the  filtering  material.  In  some  cases,  we  have  the  action  of 
the  water  pressure  alone,  as  is  the  case  in  National  and  the  American. 
In  others  we  note  the  injection  of  water,  joined  by  the  injection  of  an 
occasional  steam  jet,  as  is  the  case  in  the  Roeske:  again  we  note  the 
mechanical  action  of  displacement,  as  is  the  case  of  the  Hyatt  and 
Crocker;  finally  the  kneading  process  by  circular  rake  in  the  Warren. 
Wishing  to  confine  myself  to  explanations  of  the  mechanical  action 
and  the  different  modes  of  cleaning.  I  refer  those  interested  in  other 
details  to  the  agents  representing  each  company.     They  are  as  follows: 

The  Hyatt  Filter,  by  the  Newark  Filtering  Company;  Tribune  Build- 
ing, New  York. 

The  National  Filter,  by    the    National    Water  Purifying    Company, 
145  Broadway,  New  York. 

The  Oliphant  Filter,  by  the    Oliphant    Manufacturing    Company*    98 
Liberty  Street,  New  York. 

The  Roeske  Filter,   by    John   Baizley,    ri20    South    Delaware    Avenue, 
Philadelphia. 

The  Warren  Filter,  by  the  Cumberland   Manufacturing  Company.  22() 
Devonshire  Street,  Boston.  Mass. 

The  American,  by  the  American  Filter  Company,  Chicago,  Illinois. 

The  Crocker,  by  the  Crocker  Filtering  Company,  114  Cherry  Street 
Philadelphia. 

The  West  System,  115  Broadway,  New  York  City. 

The  Jewell.  Pure  Water  Company,  Lake  and  Franklin  Streets, 
Chicago. 

Mr.  Oliphant: — 1  want  to  say  that  the  filter  mentioned  in 
that  paper  as  mine  does  not  describe  my  filter  at  all. 
I  have  the  blue  prints  down  stairs  that  I  should  like  the  gen- 
tlemen to  inspect  for  themselves.  If  Mr.  Geyelin  had  got 
the  same  information  from  me  as  he  seems  to  have  gotten 
from  the  others  he  could  have  avoided  the  wrong  statements 
he  has  made. 

Mr.  Geyelin: — I  had  these  descriptions  and  rei)resenta- 
tions  of  the  different  filters  from  all  the  filter  companies,  and 
this  one  represented  as  the  Oliphant  from  some  rej^resenta- 
tive  of  that  company.  Anything  omitted  in  the  description 
as  given  can  be  of  little  or  no  importance;  the  principle  is  just 
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the  same.      1  am    aware    of   nothing    unfavorable  that  I  have 
said  of  the  filter. 

Mr.  Oliphan']': — If  agreeable,  I  can  bring  up  my  blue 
prin,ts  and  will  satisfy  this  meeting  of  what  I  say,  but  this  is 
no  place  to "  discuss  filters,  but  to  remove  any  doubt  here  I 
say  my  filter  has  not  been  described  at  all. 

The  President: — The  character  of  this  paper  is  intended 
to  be  general  and  a  discussion  of  filter  plans  in  general  is 
perfectly  allowable.  I  think,  however,  the  rules  of  the  asso- 
ciation will  not  permit  a  discussion  of  specific  filter  plans. 
Certainly  we  have  no  time  in  the  two  days. remaining  to  us  to 
enter  into  such  wide  range  of  discussion  even  if  it  were 
legitimate.  I  think  I  can  say  with  perfect  safety  that  if  there 
has  been  any  misrepresentation  of  the  Oliphant  filter  made, 
Mr.  Geyelin  will  cheerfully  correct  it.  He  is  net  here  in  the 
interest  of  any  filter,  but  has  simply  discussed  generally  the 
characteristics  of  filter  i)lans.  And  I  repeat  that  if  there  are 
any  mistakes  ^"n  the  paper  that  has  been  read  I  will  vouch  for 
it  that  the  author  will  correct  them  with  pleasure.  (Applause). 
Xow,  the  general  subject  of  mechanical  filters  is  before  the 
meeting  for  discussion. 

Mr.  Caldwell: — In  behalf  of  the  Hyatt  company  I  wish 
to  express  our  appreciation  of  Mr.  Geyelin's  very  able  paper. 
I  think  it  shows  that  he  has  been  at  great  pains  in  collecting 
his  material,  and  that  he  has  exhibited  w^onderful  accuracy  in 
his  treatment  of  the  subject  for  one  not  actually  engaged  in 
the  business.  I  appreciate  the  fact  that  it  is  a  difficult  matter 
to  prepare  an  intelligent  paper  that  involves  the  discription 
of  nine  different  filters,  even  for  a  man  who  has  direct  con- 
nection with  the  manufacture  of  them;  it  is  an  extremely 
hard  task  to  collect  all  the  details  necessary  for  as  compre- 
hensive a  discussion  of  the  subject  as  Mr.  Geyelin  has  pre- 
sentd  in  his  paper,  and  I  thilik  it  has  been  done  with  great 
clearness,  fullness  and  above  all  with  perfect  fairness.  In- 
deed I  do  not  think  Mr.  Geyelin  could  be  unfair  if  he  were 
to  try  to.  (applause). 

The  President: — ^^'e  will  take  up  the  next  paper  on  the 
programme  which  is  "Water  Works  Construction  from  an 
Engineering,  Financial  and  Municipal  Point  of  View." 

The  Secretary: — I  owe  to  the  association,  and  to  Mr. 
Pond  also,  an  apology  for  inserting  that  paper  in  the  program. 
When  I  requested  Mr.  Pond  to  furnish  a  paper  for  this  meet- 
ing of  the  association,  he  agreed  to   do    it,  conditionally,  and 
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one  of  the  conditions  he  imposed,  was  that  I  should  not  enter 
it  on  the  program  without  his  informing  me  that  he  couki 
come.  In  the  hurry  of  making  up  the  program  I  forgot  and 
overlooked  his  request  and  my  acquiesence.  He  has  not 
been  able  to  complete  his  paper  because  as  he  writes  me  he 
has  been  quite  sick,  and  he  had  discovered  it  was  a  subject 
that  would  require  a  good  deal  more  time  to  properly  handle 
than  he  lad  anticipated.  I  make  this  explanation  in  justice 
to  Mr.  Pond.  A  query  has  been  handed  me  to  be  put  to 
this  meeting.  It  is.  "If  an  order  be  sent  to  a  valve  manufactory 
for  a  thirty  inch  high  pressure  va!ve,  and  one  is  received 
which  breaks  under  high  pressure,  but  which  would  have 
withstood  fair  pressure  or  steady  pressure,  would  it  be  ' 
considered  it  was  properly  constructed,  and  if  not,  at  whose 
expense  should  the  damage  be  repaired,  not  only  in  the 
matter  of  replacing  the  valve,  but  also  for  the  loss  of  water, 
the  damage  to  streets  and  pavements,  to  say  nothing  of 
damage  to  the  fire  department  in  time  of  fire,  etc." 

The  President:- — The  question  divested  of  some  of  its 
verbiage,  as  I  understand  it.  is  simply  this:  If  I  buy  a  thirty 
inch  valve  and  put  it  in  on  my  water  system  and  under  a 
pressure  of  less,  we  will  say,  than  300  pounds,  or  less  than 
200  pounds,  and  that  valve  breaks  and  thereby  causes 
damage  in  the  neighborhood,  should  the  valve  manufacturer 
in  honor,  we  will  say,  be  held  liable,  not  only  for  the  cost  of 
the  valve  but  the  cost  of  the  repairs  also?  That  is  the  first 
proposition. 

Mr.  Gardner: — I  should  like  to  ask  for  my  own 
information  whether  a  valve  of  any  size  is  not  supposed  to 
be  capable  of  the  same  amount  of  resistance  as  the  pipe  on 
which  it  is  placed.  Let  us  put  it  in  that  shape- — whether  it 
be  a  thirty  or  a  three  inch  valve,  ought  not  the  valve  to  have 
the  same  power  of  resistance  as  the  pipe  to  which  it  is 
attached. 

Mr.  Linxeen: — I  think  that  is  a  very  proper  question  for 
this  association  to  discuss.  I  do  not  think  by  the  discussion 
of  it  we  necessarily  resolve  ourselves  into  a  court  of  law  or 
sit  as  a  jury.  These  are  pertinent  questions  and  questions 
which  can  be  discussed  intelligently  by  this  association. 
Now,  it  seems  to  me  there  are  some  questions  that  enter  into 
the  consideration  of  this  one  that  we  have  lost  sight  of.  If 
a  thirty  inch  valve  is  ordered  by  myself,  or  by  any  gentleman 
present,  it  is  to  be  presumed  that  he  will  state  to  the  manu- 
facturer the   pressure  under    which    we  want    that   valve    to 
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operate,  whether  three  or  four  or  five  hundred  pounds.  If 
an  order  is  given  for  a  valve  for  a  pressure  of  300  pounds 
and  the  valve  is  tested  at  the  works  to  stand  that  pressure — 
mechanically  and  well  tested,  and  it  is  taken  out  of  the  shops 
and  put  in  practical  use  on  the  line  of  pipe,  it  is  possible 
there  may  be  mechanical  defects  in  that  valve  that  could  not 
have  been  determined  at  the  shops  when  it  was  tested:  that 
is  to  say,  if  the  manufacturer  uses  all  possible  and  proper 
means  to  test  that  valve  before  shipping  it,  I  do  not  think 
any  damage  resulting  from  an  inherent  defect,  which  could 
not  be  discovered,  should  be  charged  to  the  manufacturer. 
But  on  general  principles  when  valves  or  pipe  are  ordered  it 
seems  to  me  the  conditions  under  which  they  are  to  be  used 
should  be  stated  in  the  order.  That  would  give  the  manu- 
facturer an  opportunity  to  meet  the  requirements  of  the 
order.  Now,  in  sending  orders  for  valves  to  the  manufac- 
turer in  my  experience  it  is  very  rarely  that  the  pressure 
under  which  the  valves  are  to  operate  is  stated:  the  manu- 
facturer has  to  draw  largely  his  own  conclusions.  He  may 
presume  that  the  highest  test  necessary  would  be  150  pounds, 
and  unless  valves  are  constructed  specially  and  under  a 
special  order,  there  are  very  few  that  are  made  for  over 
150  or  200  pounds  pressure.  As  I  have  said,  in  my  opinion 
these  questions  come  properly  before  this  association  for  the 
instruction  and  information  of  its   members. 

Mr.  Cairns: — This  is  a  question  which  of  course  has 
come  up  for  discussion  time  and  again  in  the  office  of  every 
valve  manufacturing  concern  in  the  United  States.  Of 
course,  its  ethical  side  is  one  which  concerns  all  honorable 
men — and  we  are  all  honorable  men  in  that  business.  As  has 
been  well  said,  a  good  deal  of  our  trouble  arises  from 
indistinctness  in  the  order.  For  instance,  a  man  will  tell  us 
he  wants  a  valve  to  be  used  under  such  a  head  or  pressure. 
Xow,  it  is  highly  probable — I  think  it  is  very  common  from 
my  conversation  with  water  works  men,  that  this  matter  of 
water  rams  is  not  entirely  reduced  to  anything  like  knowledge 
yet;  I  do  not  think  water  works  men  perhaps  altogether 
understand  it  themselves;  I  know  we  do  not;  and  moreover 
I  think  under  certain  heads  and  certain  pressures  the  con- 
ditions of  service  may  cause  a  difference  in  water  rams. 
Now,  if  an  order  is  sent  in  requiring  us  to  furnish  a  valve  for 
certain  pressure  we,  of  ourselves,  must  determine  what  test  is 
to  be  put  on  it.  If  it  is  to  be  used  under  ninety  pounds 
pressure  it  is  usual  to  test  it  up  to  ninety  pounds 
because  we  know  there  is   a   water  ram,   but  we  do  not  know 
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what  the  water  ram  will  be.  So  there  is  a  trouble.  If  that 
valve  fails  some  day  I  do  not  know  that  it  can  be  followed 
back  to  the  manufacturer,  because  there  may  be  a  ram  there 
that  under  certain  circumstances  would  amount  to  500 
pounds,  you  cannot  tell,  it  is  impossible  to  tell  afterwards, 
there  is  no  record  by  which  to  tell  under  what  pressure  the 
valve  broke.  If  the  man  tells  us  to  test  the  valve  to  a 
certain  pressure  and  we  test  it  then  we  are  relieved  from 
responsibility.  In  regard  to  the  other  question,  as  to  what  a 
high  pressure  valve  is  1  think  it  is  commonly  understood  to 
be  300  pounds,  but  as  has  been  said  it  is  an  unusual  test. 

Mr.  Potts: — In  answer  to  the  question  suggested 
I  have  an  instance  in  my  mind — I  believe  it  was  Mr. 
Beecher  w^ho  said  there  was  no  part  of  a  chain  that  was 
stronger  than  its  weakest  link,  so  there  is  no  jjart  of  a  water 
works  that  is  stronger  than  its  weakest  part — I  have  an 
instance  in  my  mind  at  this  time  of  a  vajve — I  think  it  was 
a  twenty  inch  flange  valve,  or  twenty-four;  I  know  that 
valve  was  tested  in  the  shop  at  200  pounds  pressure;  I  know- 
that  it  was  examined  by  mechanics  after  it  left  the  shop  and 
while  it  was  on  the  ground  and  it  was  considered  a  perfect 
valve.  It  was  put  in  position  and  served  its  purpose  for 
quite  a  number  of  weeks  or  months;  but  in  the  laying  of  the 
pipe  there  was  a  little  negligence  on  the  part  of  the  engineer 
perhaps  is  not  providing  proper  foundation  for  the  pipe  to 
lay  on,  but  the  pipes  were  made  excessively  strong,  and  they 
settled  a  little  bit — I  think  only  about  half  an  inch,  and  that 
broke  the  valve  in  two.  Now,  that  valve  unquestionably  was 
made  honestly  and  squarely  by  the  manufacturer,  but  when 
the  question  of  damages  came  up  they  fell  back  on  the  valve 
itself,  when  the  valve  was  in  no  way  responsible  for  the 
accident. 

Mr.  Cameron: — We  had  an  experience  with  a  26-inch 
valve  where  under  a  pressure  of  sixty  pounds  to  the 
square  inch  the  flange  of  the  valve  broke  loose;  the  bolts 
gave  way  and  caused  us  considerable  trouble  and  expense. 
We  notified  the  valve  manufacturing  company  which  hap- 
pened to  be  the  Ludlow,  and  by  the  next  express  came  the 
necessary  materials  to  repair  it  with  a  request  to  us  to  name 
the  amount  of  damage  that  had  been  incurred.  That  is  all 
the  experience  I  have  had. 

Mr.  Jones: — This  information  is  wanted  by  a  friend  of 
mine,  and  I  think  for  the  most  part  the  information  wanted 
was,  what  would    be    considered    or    understood   by  the  term 
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high  pressure?  and  whether  a  valve  which  is  intended  to 
resist  high  pressure  should  break  under  a  pressure  of  less 
than  200  pounds.  It  would  not  be  so  surprising  to  have  one 
valve  break,  but  here  is  a  case  where  two  broke  on  the  same 
night,  and  it  leaves  the  impression  that  it  is  due  to  faulty  con- 
struction, or  else  that  the  builder  did  not  take  sufficient  pains 
to  find  out  how  much  pressure  the  valve  was  expected  to 
stand,  and  the  only  question  is  whether  the  fault  lay,  as  has 
been  suggested,  in  giving  the  order  imperfectly,  which  simply 
called  for  a  high  pressure  valve.  A  great  many  people  not 
engineers  take  it  for  granted  that  a  high  pressure  valve  stands 
any  pressure.  My  impression  has  always  been  that  they 
were  tested  to  300  pounds,  and  if  so,  it  ought  not  to  break  at 
less  than  200  pounds. 

Mr.  Cameron: — I  would  like  to  ask  if  the  two  broke  on 
the  same  occasion? 

Mr.  Jones: — It  was  not  the  same  occasion. 

Mr.  Cameron: — My  conclusion  from  listening  to  the  testi- 
mony would  be  that  the  valves  were  back  numbers  and  faulty. 

Mr.  Diven: — I  don't  see  why  a  30-inch  valve  would  be 
more  liable  to  give  out  than  a  6-inch;  I  suppose  they  are  all 
made  in  proportion.  The  30-inch  should  be  as  strong  in 
proportion  as  the  6-inch. 

Mr.  Cairns: — The  position  taken  by  Mr.  Lineen  is  correct. 
One  of  the  greatest  troubles  we  find  with  such  orders  is  that 
the  person  does  not  state  under  what  presure  the  valve  is  to 
be  used.  One  of  the  first  questions  we  are  obliged  to  ask  on 
receiving  such  orders  is,  "What  pressure  do  you  propose  to 
have  on  this  valve?"  The  smaller  valves  up  to  twelve  inches 
are  usually  tested  up  to  300  pounds.  I  have  a  case  in  mind 
where  we  have  a  steam  valve  in  use  that  we  guarnteed  to 
stand  125  pounds  steam;  that  is  now  under  pressure  of  140 
pounds  steam  and  resisting  it  successfully.  The  great  trouble 
with  larger  valves  is  when  they  come  to  test  them  it  requires 
an  unusually  heavy  pressure. 

A  Member: — It  occurs  to  me  that  to  describe  a  valve  to 
resist  300  pounds  pressure  and  not  take  into  account  any 
possible  water  ram  would  be  very  little  information  to  the 
valve  builder.  We  know  the  shape  of  the  valve  as  compared 
with  that  of  the  pipe  is  such  that  it  is  a  difficult  matter  to  get 
a  valve  as  strong  as  the  pipe  unless  we  load  it  exceedingly. 
Now,  in  one  case  we  may  have  a  pressure  of  300  pounds  and 
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so  state  to  the  valve  builder.  At  the  same  time  we  may 
have  a  water  ram  of  twice  that  amount,  and  under  such  cir- 
cumstances the  builder  not  knowing  what  the  possible  water 
ram  may  be,  his  valve  may  prove  deficient  and  burst.  Now. 
it  does  seem  to  me  if  the  builder  had  some  inkling  as  to  the 
amount  of  water  ram  he  would  have  to  contend  with,  it 
would  give  him  a  better  idea  as  to  how  to  construct  his  valve 
and  avoid  defects  that  would  otherwise  occur. 

Mr.  Keeler: — I  would  like  to  ask  whether  both  valves 
broke  under  the  same  pressure.  That  might  determine 
whether  the  valves  were  built  in  proportion  to  the  work. 

Mr.  Jones: — One  of  the  valves  was  broken  under  a  fire 
pressure  of  about  i6o  pounds.  The  dome  was  split  and  was 
subsequently  capped  with  flange  casting  and  the  line  again 
put  in  use.  In  order  to  test  the  other  valve,  without  encoun- 
tering the  mysterious  water  ram,  a  three-inch  connection 
was  made  with  the  30-inch  main  and  one  of  our  pumps,- -the 
whole  line  being  valved  off  from  the  balance  of  our  pipe  sys- 
tem— the  main  was  filled  slowly,  the  pressure  was  necessarily 
very  gradual,  and  at  185  pounds  the  valve  went  to  pieces.  It 
has  been  suggested  that  the  explosion  was  the  result  of  the 
accumulation  of  air  in  the  main,  which  might  have  been 
the  case,  but  we  notice  it  had  no  effect  upon  the  mains,  nor 
upon  the  Ludlow  valve  of  the  same  size  on  the  same  line. 
The  cast  iron  pipes  are  warranted  and  are  tested  to  stand  300 
pounds  pressure,  and  I  believe  all  valve  manufacturers  pre- 
tend to  guarantee  the  same  thing.  A  good  deal  has  been 
said  about  the  water  ram;  no  one  yet  has  been  able  to 
describe  to  my  satisfaction  its  extent  or  variation.  I  am  not 
competent  myself  to  tell,  but  we  cannot  afford  to  have  valves 
broken,  bursted  or  exploded  either  by  water  pressure,  water 
ram  or  compressed  air. 

Mr.  Buss: — The  fire  pressure  you  say  was  160  pounds; 
what  was  the  ordinary  pressure? 

Mr.  JONES: — One  hundred  and  thirty  pounds. 

Mr.  Buss: — What  pressure  valve  was  ordered? 

Mr.  Jones: — There  was  no  mention  made  at  all  of  the 
pressure;  it  was  ordered  by  telegraph  simply  as  high  pressure. 
That  is  the  reason  the  term  is  used  here,  to  find  out  what  the 
term  "high  pressure"  conveys.  My  impression  has  always 
been  that  high  pressure  meant  any  pressure  above  200 
pounds. 
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Mr.  Buss: — The  reason  I  ask  is,  I  know  a  case  in  Massa- 
chusetts where  the  ordinary  pressure  is  ninety  pounds,  the 
fire  pressure  150  pounds.  Now  suppose  we  ask  a  superin- 
tendent what  is  the  pressure?  The  natural  thing  for  him 
would  be  to  say  ninety  pounds,  while  under  some  conditions 
the  pressure  would  be  150  pounds- 

A  Member: — I  should  think  in  ordering  a  valve  the  per- 
son ordering  ought  to  give  the   minimum  and  maximum  both. 

Mr.  Ross: — I  would  state  that  if  we  had  an  order  for  a 
heavy  pressure  valve,  we  would  understanii  i  75  pounds  pres- 
sure, which  we  think  is  above  the  usual  working  pressure  of 
valves,  but  that  valve  would  be  tested  to  300  pounds  pressure. 

A  Member: — I  would  like  to  ask  the  gentleman,  if  he 
received  an  order  for  a  30-inch  valve  if  he  would  test  it  to  300 
pounds? 

Mr.  Ross: — Yes,  without  any  other  information, 

A  Member: — What  thickness  of  iron  does  the  gentleman 
use  to  test  at  300  pounds  with  a  30-inch  valve? 

Mr.  Ross: — That  is  a  leading  questicMi, 

A  Member:— I  ask  the  question.  If  I  got  up  and  made  an 
assertion  of  that  kind  I  would  feel  at  perfect  liberty  to  back 
it  up  when  called  on.  It  is  any  easy  matter  for  me  to  get  up 
here  and  say  I  would  test  a  thing  at  a  certain  pressure  but  it 
might  be  another  thing  for  me  to  explain  how  I  would  do  it. 
t  think  it  is  a  fair  question. 

Mr.  Ross: — I  would  answer  the  gentleman  that  we  con- 
struct valves  and  vary  the  thickness  according  to  the  differ- 
ent areas  of  the  valves  and  the  pressure  they  have  to  stand. 
It  is  not  of  the  same  thickness  throughout.  I  could  not 
inform  him  as  to  the  exact  thickness. 

Mr.  Darling: — I  would  say  that  of  course  every  superin- 
tendent understands  that  the  main  pipes  are  tested,  whether 
his  pressure  is  sixty  or  eighty  or  one  hundred  pounds,  to  a 
certain  pressure.  Some  superintende.its  call  for  a  thirty 
pound  pipe — take  a  six  inch  pipe  to  illustrate;  some  say,  I  can 
get  along  with  a  twenty-four;  another  wants  twenty-six,  another 
twenty-eight,  and  up  to  perhaps  thirty-two,  which  is  called  a 
very  heavy  six  inch  pipe,  and  you  will  find  whatever  the 
thickness  or  the  weight  of  that  pipe  is  it  is  tested  to  300 
pounds  to  the  square   inch — every  pipe.     I  think  I  can  state 
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that  hefe  openly,  and  that  if  Mr.  Long  were  here  he  would 
endorse  it.  In  fact  I  have  seen  in  Mr.  Long's  works  pipe 
tested,  and  I  understand  they  put  out  none  for  water  works 
purposes  at  less  than  300  pounds.  Now,  in  building  works, 
it  is  understood  by  the  manufacturer  of  gates  that  we  have 
to  have  a  gate  to  stand  the  same  pressure  as  the  pipes. 
Therefore  I  come  to  the  conclusion  that  300  pounds  is  what 
it  is  expected  these  gates  will  stand.  We  are  liable  to 
water  ram;  they  are  unaccountable  but  we  all  know  we  have 
them,  and  they  come  under  peculiar  circumstances  at  times. 
I  have  gates  from  one  inch  to  thirty-six  inches  under  a 
standing  pressure  of  iio  pounds — that  is,  the  working 
pressure  every  day — and  I  think  we  have  water  rams  that 
carry  it  up  to  unknown  pressure.  I  do  not  think  we  are 
able  to  tell  what  it  is,  but  I  do  believe  that  these  gates 
should  stand  at  least  as  much  as  the  pipe  will.  I  have  never 
had  a  gate  to  burst  on  the  works,  so  I  cannot  give  any 
experience  on  that  point. 

Mr.  Jones: — What  pressure  do  you  say   you   work   under? 

Mr.  Darling: — The  pumps  work  under  i  10  pounds 
pressure. 

Mr.  Jones: — On  a  thirty  inch  jjipe? 

Mr.  Darling: — Yes,  on  thirty-six.  On  the  new  works  put 
in  last  year  I  have  thirty-six  inch  force  mains.  We  run  up 
at  times  to  120  pounds  pressure  on  the  pumps  when  pumping 
12,000,000  gallons. 

Mr.  Jones: — That  is  a  part  of  the  information  wanted  in 
this  case — that  is,  the  experience  of  superintendents  of 
water  works  w^ho  are  carrying  a  pressure  of  from  100  to 
150  pounds  with  a  large  line  of  pipe  subject  to   water  ram. 

Mr.  Darling: — I  may  be  allowed  to  *;xplain  that  while  I 
do  not  mean  to  have  it  understood  that  I  objected  to  the 
discussion  of  this  subject  in  the  line  it  has  taken,  I  did 
object  to  this  association  undertaking  to  say  what  in  its 
opinion. the  liabiHty  would  be  under  certain  circumstances. 
Of  course,  as  the  discussion  has  proceeded  I  can  see  that  we 
are  getting  at  legitimate  facts  which  ever}  one  of  us  wants 
to  know,  as  well  as  the  experience  of  others  ])redicated  upon 
these  facts.  I  understand  that  is  what  this  association  is 
for — the  obtaining  of  knowledge  that  can  be  derived  from  the 
free  interchange  of  experience. 


Mr.  Potts: — There  is  another  matter  that  suggests  itself  to 
me:  What  were  the  circumstances  under  which  this  valve  brol^e? 
Circumstances  have  a  great  deal  to  do  with  it.  I  believe  I 
can  take  a  30-inch  valve  in  a  shop  as  ordinarily  made  by  any 
valve  maker  and  test  it  to  a  thousand  pounds  to  the  square 
inch  and  it  will  bear  it.  1  will  tell  you  how  I  would  do  it.  I 
would  put  it  between  two  blocks  or  flanges  and  subject  it  to 
pressure  inside  with  a  band  hub,  and  I  would  think — it  is 
merely  my  thought — that  you  could  not  break  that  valve 
under  1,000  pounds  pressure.  Now,  I  will  take  the  same 
valve  and  test  it  in  the  shop  at  200  pounds,  which  would  be 
the  ordinary  test  perhaps  of  a  valve,  and  I  will  put  it  on  a 
pipe  and  I  think  I  can  burst  it  under  100  pounds  under  certain 
circumstances.  Suppose  you  close  that  valve  down,  merely 
close  it  so  it  will  be  tight,  and  put  100  pounds  pressure  on  the 
face  of  the  valve;  then  put  a  wrench  on  it  and  put  two  men 
on  the  lever  and  turn  the  screw  down,  is  anybody  able  to  tell 
what  pressure  you  have  on  that  valve  or  strain  upon  the  iron? 
I  think  it  is  inestimable. 

A  Member: — The  strain  would  naturally  be  on  the  stem. 

Mr.  Potts: — No  sir;  it  will  be  upon   the  body  of  the  valve. 

Mr.  Linneen: — Now,  in  reply  to  Mr.  Darling,  who  informs 
us  he  has  a  pressure  of  no  pounds  and  that  all  valves  are 
constructed  to  stand  300  to  the  square  inch  at  the  shop,  but 
he  informs  us  that  the  water  hammer  is  an  unknown  quan- 
tity, and  because  of  that  you  may  subject  that  valve  to  any 
pressure.  Now,  with  all  due  deference  to  Mr.  Darling's 
judgment,  I  think  the  water  hammer  is  a  myth;  I  don't  take 
any  stock  in  it — not  a  bit. 

Mr.  Darling: — I  do  not  believe  any  man  who  has  had 
any  experience  with  water  works,  or  the  use  of  water,  can 
conscientiously  say  that  the  water  hammer  is  a  myth.  I  do 
not  believe  there  is  a  water  works  superintendent  on  this 
floor  that  will  get  up  and  say  he  does  not  believe  in  any 
such  thing  as  the  water  ram. 

Mr.  Linneen:— I  believe  in  it  to  a  certain  extent  but  not 
to  the  extent  talked  of  here.  It  is  certainly  an  unknown 
factor,  if  it  is  a  factor,  and  so  far  as  it  has  been  preached 
up  here  to  a  thousand  pounds,  I  don't  take  any  stock  in  it. 

Mr.  Darling: — I  don't  deal  in  extremes,  but  it  is  an 
unknown  factor  and  you  don't  therefore  know  whether  it  is 
1000  or  not. 
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Mr.  Linmeen: — I  take  the  ground  that  breakages  in  pipes 
are  not  due  to  the  water  hammer.  There  is  no  doubt  in  my 
mind  but  that  this  break  is  attributable  to  faulty  allignment 
of  the  pipe,  undue  strain  on  some  part  of  the  valves;  that  is 
what  I  think  caused  it.  Tiie  setting  of  the  valves  and  pipes 
have  a  great  deal  to  do  with  their  usefulness,  and  the  point 
Mr.  Potts  raised  is  very  pertinent — it  is  very  uncertain  how 
much  power  the  lever  will  exert  on  the  valve,  and  while  1 
take  the  broad  ground  that  valves,  hydrants,  and  all  other 
appliances  for  water  works  ought  to  be  constructed  with  the 
greatest  possible  care,  I  will  say  this,  gentlemen,  if  the  men 
charged  with  the  setting  of  these  valves  and  laying  of  the 
pipes  would  use  half  the  care  manufacturers  use  there  would 
be  very  little  trouble  with  their  property. 

Mr.  Rever: — As  to  the  water  ram  there  is  no  doubt 
about  it.  One  way  we  can  decide  it,  from  a  theoretical 
point  of  view,  is  that  any  falling  body  will  strike  a  blovy 
harder  than  if  moved  against  it,  and  the  blow  is  equal  to  the 
velocity  multiplied  by  its  weight.  Now,  water  in  motion 
through  a  pipe  ought  to  be  taken  in  the  same  way.  If  we 
have  a  volume  of  water  passing  through  a  pipe  at  a  certain 
velocity  and  it  has  a  certain  weight,  and  it  is  put  in  motion 
and  then  suddenly  stopped  it  is  bound  to  strike  a  harder 
blow  than  if  merely  subjected  to  a  steady  pressure  and  the 
water  not  in  motion. 

Mr.  Linneen: — I  would  like  to  ask  how  he  suddenly 
stops  it? 

Mr.  Rever: — By  having  a  valve  that  you  can  readily  open 
and  close.  If  you  open  a  valve  very  suddenly  and  close  it 
you  will  notice  the  gauge  will  go  far  above  what  you  are 
carrying. 

Mr.  Lineen: — If  you  turn  it  off  suddenly  you  will  have  a 
water  hammer  no  doubt. 

A  Member: — I  would  like  to  cite  a  case  of  pumping 
through  a  main  a  long  distance  and  up  quite  an  elevation 
where  the  sudden  stopping  of  the  machinery  causes  a  ram. 
They  have  two  miles  of  1 6-inch  main  at  an  elevation  of  200 
feet  nearly,  and  are  pumping  about  2,000,000  gallons  of 
water,  if  they  suddenly  stop  their  pumps  the  gauge  at  the 
engine  house  shows  a  large  increase  of  pressure  due  to  the 
sudden  stopping  of  that  column  of  water  and  its  return. 

Mr.  Linneen: — That  could  be  remedied  by  a  relief  valve. 
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Mr.  Milner: — That  reminds  me  of  an  instance  that 
occurred  in  my  experience.  We  operate  a  Blake  engine,  and 
on  one  occasion  a  little  pin  that  connected  the  steam  valve 
dropped  out.  The  engine  stopped  instantly;  just  outside  of 
the  pump  house  was  a  'Y"  by  means  of  which  the  two 
engines  were  connected  into  the  same  main,  and  a  piece  flew 
out  of  the  "Y"  leaving  a  hole  large  enough  to  flood  the 
pump  house,  I  could  not  account  for  that  break  in  any  other 
way  except  on  the  theory  that  the  stopping  of  the  machinery 
caused  tie  water  hammer.  The  pump  was  operating  under 
a  head  of  about  seventy-five  pounds. 

Mr.  Hornung:--!  had  occasion  to  make  practical  experi- 
ments in  that  direction  some  ten  years  ago.  The  conditions 
were  something  like  these:  The  force  main  was  about  looo  feet 
in  length  and  had  an  hydrostatic  pressure  due  to  an  elevation 
of  350  feet.  The  pumping  engines  could  be  stopped  instantly. 
Just  beyond  the  check  valve  I  applied  an  indicator  which  was 
operated  by  clock  work,  and  took  from  that  motion  half 
minute  cards.  Signals  were  established  between  the  engineer 
and  operator  and  the  instant  the  engine  stopped  the  indicator 
was  put  in  motion  and  a  record  made.  In  the  water  column 
I  found  an  oscillation;  the  pencil  making  spurs  of  course  at 
the  commencement,  which  diminished  until  they  vanished 
almost.  This  experiment  I  repeated  a  number  of  times,  and 
I  was  surprised  to  find  the  amount  of  oscillation  that 
occurred  in  that  force  main.  When  I  spoke  of  the  water 
ram  a  few  minutes  ago  I  was  aware  that  all  water  works  had  suf- 
fered from  them  more  or  less  and  that  experience  fully  confirms 
it.  The  water  ram  I  had  reference  to  were  these  that  occur  in 
well  designed  systems.  Now,  we  have  water  rams  that  occur 
from  illy  designed  machinery,  and  our  valve  manufacturers 
know  something  of  that.  I  am  dealing  with  just  such  a  case, 
where  I  dare  not  fully  open  the  gauge,  for  fear  it  will  tear  it 
to  pieces.  I  may  tell  the  valve  manufacturer  that  I  have  a 
head  of  a  hundred  feet  to  pump  against  and  that  I  regard  it 
as  a  high  pressure  system  and  say  nothing  of  this  excessive 
water  ram,  he  would  make  me  a  valve  such  as  he  did  for 
some  one  else  that  he  knew  did  give  good  results  and  never 
gave  any  trouble,  and  in  the  case  here,  where  it  is  as  much 
as  can  be  done  to  hold  the  pipe  in  the  ground  the  valve 
would  soon  go  to  pieces.  Where  we  meet  such  conditions 
we  should  in  all  cases  get  some  data  from  which  both  the 
valve  manufacturer  and  the  pipe  manufacturer,  or  the  pump 
maker,  can  understand  he  is  dealing  with  unusual  circum- 
stances and  conditions. 


Mr.  Linneen: — I  don't  think  we  have  touched  the 
question  in  point.  Now,  on  general  principles  manufacturers 
are  very  poor  and  they  sell  their  goods  exceedingly  low. 
Cities  that  own  their  water  works,  and  water  companies  that 
have  good  franchises — 1  am  one  of  them- — are  rich,  and  a 
little  advantage  of  that  sort  ought  not  to  be  taken  of  the 
manufacturer. 

Mr.  Jones:— That  is  the  least  important  point  in  the 
question.  What  we  want  to  know  is  whether  there  is  any 
water  works  in  the  country  pumping  through  a  thirty  inch 
main  under  pressure  above  130  pounds,  and  whether  it  is 
safe  to  risk  a  pipe  so  large  as  thirty  inch  under  very  high 
pressure?  If  there  is  any  economy  or  more  safety,  in  using 
two  pipes  instead  of  one,  we  want  to  do  that;  if  we  cannot 
pump  with  such  high  pressure  through  a  thirty  inch  pipe  with 
safety  and  the  assurance  that  the  pipe  will  stand  the 
pressuie,  we  don't  want  any  thirty  inch  pipe;  we  can't  afford 
to  have  it.     That  is  the  question. 

Mr.  Linneen: — Here  is  a  new  question  which  is  very 
pertinent — whether  it  is  economy  for  water  works  depending 
on  the  direct  system  to  use  two  lines  of  pipe  or  one.  I 
believe  that  is  the  question  Major  Jones  raised.  That  is  a 
pertinent  and  important  one  for  this  association  to  discuss. 
It  is  a  new  question  whether  it  is  economy  or  safe  for  a  city 
to  depend  on  one  line  of  pipe,  whether  it  is  not  more  safe  to 
have  two  lines.  Well,  I  should  say,  of  course  as  a  matter  of 
fact  that  two  lines  would  be  safer  than  one,  but  there  is  the 
question  of  expense.  Now,  a  question  that  raises  in  my 
mind  is  whether  there  is  a  factor  of  safety  which  a  corporation 
will  derive  from  duplicate  pipes — whether  that  factor  of 
safety  will  warrant  the  expense,  or  whether  appliances  cannot 
be  applied  to  the  system  of  distribution  that  will  render  well 
constructed  thirty  inch  pipe  and  its  attendant  valves  and 
arrangements,  safe  under  ordinary  continuous  service.  Now, 
about  the  value  of  check  valves.  We  have  a  great  many 
systems  of  works  in  operation  in  the  United  States,  and  only 
in  one  instance  have  we  a  check  valve  that  I  know  of  on 
the  pressure  side  of  the  pumps.  I  think  we  are  pumping  at 
Covington,  Kentucky,  against  300  feet  head  without  a  check 
valve.  Now,  it  seems  to  me  the  safety  of  the  entire  distri- 
bution of  any  system  of  water  works  depends  on  appliances 
and  arrangements  brought  into  use  for  the  proper  distribu- 
tion of  the  water  after  it  leaves  the  pumps.  The  question 
arises,  cannot  there  be  mechanical  appliances  applied  to  the 


power  used  for  distribution  to  prevent  a  great  deal  of  this 
water  hammer  or  back  pressure?  I  contend  there  can  be, 
and  if  I  wanted  to  go  into  this  discussion  elaborately  and  so 
take  the  time  of  the  convention  I  could  convince  you  of  it. 
I  will  answer  the  question  propounded  by  Major  Jones,  by 
saying  that  a  well  constructed  thirty  inch  line  of  pipe 
properly  located,  joints  well  made,  valves  well  tested,  and 
the  system  put  under  proper  test  by  the  pumps  before  it  is 
turned  over  for  general  use,  is  as  reasonably  safe  as  anything 
can  be  made,  and  that  it  is  just  as  safe  as  two  lines  under  the 
same  conditions. 

Mr.  Nevons: — I  have  been  very  deeply  interested  in  this 
gate  question,  and  I  am  sorry  we  have  diverged.  I  have 
been  interested  in  what  the  gentleman  on  my  right  had  to 
say  as  to  what  he  has  done  about  pressure  on  the  side  of  the 
gate  when  it  is  nearly  closed  down.  I  had  a  very  peculiar 
case  on  our  works  that  I  have  not  been  able  to  investigate. 
I  intend  to  do  it  when  I  get  home.  We  have  a  line  of  thirty 
inch  pipe  of  eight  miles;  we  have  a  reservoir  eight  miles  out 
of  the  city.  The  thirty  inch  line  runs  to  the  receiving  basin 
and  out  into  the  pond  when  it  is  turned  up  and  attached  to 
the  pump.  We  have  directly  on  the  shore  of  the  pond  a. 
thirty  inch  gate  for  the  puroose  of  shutting  off  or  controlling 
the  water.  When  we  have  the  gate  almost  closed,  I  have 
seen  the  water  go  down  so  you  could  see  none  coming  out, 
and  that  gate  stops  so  solid  no  three  men  could  start  it,  and 
all  at  once  the  water  would  go  up  four  or  five  feet  and  then 
a  man  could  turn  the  gate  with  one  hand  and  then  it  would 
stop  again.  We  have  looked  it  over  carefully  and  gone  over 
the  whole  line  of  pipe;  it  is  an  undulating  line  but  at  no  place 
do  you  rise  above  hydraulic  grade;  we  have  air  valves  on  all 
the  high  points,  and  at  this  gate  on  the  pond  we  have  one 
half  inch  air  valve.  I  have  turned  it  open  but  it  did 
not  make  any  difference.  The  gate  goes  down  until  it  closes 
almost  and  then  grabs  and  holds  as  solid  as  a  wedge,  let  it 
stand  a  minute  and  you  can  get  another  turn.  Probably 
some  of  you  gentlemen  can  tell  us  what  is  the  matter. 

Mr.  Cameron: — I  don't  know  that  I  can  answer  that 
question,  although  it  suggests  itself  to  me  that  somebody  on 
the  line  has  opened  a  large  opening  and  let  air  into  the  main, 

Mr,  Nevons: — There  is  no  opening  front  the  time  it 
leaves  the  reservoir. 

Mr,  Cameron: — I  once  had  the  same  experience  in  closing 


8; 

a  large  valve  but  found  upon  investigation  that  somebody 
had  turned  a  valve  and  let  in  air.  Now,  on  this  thirty  inch 
valve  question;  we  have  just  put  in  two  miles  of  thirty-six 
inch  pipe,  and  I  agree  with  Mr.  Linneen  on  this  point,  that  it 
is  necesssary  when  you  build  water  works  to  build  it  so  it 
will  conform  to  the  duties  required.  We  have  put  this  main 
in  as  we  think  with  extra  heavy  joints  and  wherever  there 
was  a  weak  or  faulty  place  in  the  soil  we  have  put  six  by  eight 
timbers  laid  in  concrete,  so  there  will  be  no  danger  of  the 
pipe  settling,  and  endangering  the  safety  of  the  valve.  I 
agree  with  my  friend  that  the  valve  under  certain  circumstan- 
ces may  break,  when  under  others  it  will  not.  The  least  little 
pressure  this  way  or  that  way  in  the  valve  is  apt  to  break  it 
while  under  other  circumstances  it  will  attend  to  its  business 
all  right.  So,  I  say,  in  order  to  build  water  works  you  must 
spend  money  liberally  and  buy  the  proper  sort  of  materials,  and 
have  them  made  strong  enough.  Don't  try  to  jew  down  the 
manufacturers:  we  ought  to  be  liberal  with  them,  but  when  we 
have  paid  them  their  fair  price  call  on  them  to  make  good 
any  defects. 

Mr.  Linneen: — I  will  say  in  answer  to  the  question 
propounded  about  the  pressure.  As  I  understand  it  in 
closing  this  gate  after  you  get  to  a  certain  point  you  can't 
turn  it  any  more  until  a  short  time  elapses  and  then  it  closes 
regularly.  The  only  way  I  can  account  for  that,  is  in  the 
action  of  the  pumps.  You  have  duplex  pumps  with  double 
acting  plungers;  you  get  four  displacements  of  water  with 
each  stroke.  When  the  water  is  on  its  onward  course  and 
it  strikes  the  face  of  that  valve  there  is  an  extraordinary 
pressure  exerted  on  the  valve  at  that  time  and  it  strikes  the 
water  from  the  pump  after  the  plungers  have  made  their 
stroke.  It  is  more  than  the  ordinary  pressure;  there  is  no 
doubt  about  it  because  it  is  sent  out  with  some  force. 

A  Member: — Call  that  water  ram. 

Mr.  Linneen: — Xo  sir;  it  is  the  natural  pressure.  That 
water  recedes  slowly  and  at  that  time  it  closes  easily.  That 
is  the  only  way  to  account  for  it. 

Mr.  Nevons: — I  will  say  for  the  information  of  the  gen- 
tleman that  it  is  gravity  flow,      [laughter.) 

Mr.  Linneen: — The  entire  circulation  may  come  around 
and  strike  the  face  of  the  valve. 
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Mr.  Nevons: — Perhaps  I  don't  make  myself  clear  in 
regard  to  the  matter.  We  abandoned  our  old  pond  con- 
verting it  into  a  receiving  reservoir  and  extended  our  pipes 
out  eight  miles  to  another  reservoir;  there  is  not  one  single 
tap  nor  opening  on  that  line,  in  the  whole  eight  miles.  Now, 
that  has  a  steady  gravity  flow  all  the  time.  The  gate  is  a 
thirty  inch  one  which  we  manipulate  so  as  to  let  in  just 
enough  water  to  keep  the  pond  full.  I  do  not  at  any  time 
require  to  have  it  open  more  than  eight  or  ten  inches  by  the 
gauge  on  the  gate;  with  careful  opening  of  the  air  valves 
through  the  line,  doing  it  myself,  and  the  gate  being  closed 
at  the  time  at  the  pond,  and  then  only  being  opened  eight  or 
nine  inches  I  find  this  trouble;  I  cannot  remedy  it  in  any 
other  way,  to  my  mind,  except  by  overhauling  the  gate,  and 
then  perhaps  I  won't  find  anything.  It  has  been  a  very 
serious  question  with  us  and  we  had  our  Consulting  Engineer 
there.  He  says  there  must  be  air  in  the  jjipe,  but  if  you 
close  the  pipe  and  go  over  the  air  valves  with  pressure  on  at 
the  upper  reservoir  I  don't  see  how  it  is  possible  for  air  to 
be  in  the  pipe.  Now,  I  have  thought  perhaps,  it  being 
undulating,  there  might  be  surjection  but  I  can't  see  how 
that  could  be  brought  about  unless  there  was  a  large  volume 
of  water  used  and  suddenly  checked.  I  think  that  accounts 
a  good  deal  for  the  water  ram.  It  is  not  so  much  the  cut-- 
ting  off  that  has  done  it  as  a  sort  of  receding — something 
like  the  gentleman  last  night  had  it  in  regard  to  the  meter. 
I  think  we  all  know  Avater  is  not  compressible  but  still  having 
open  ends  there  might  be  such  a  thing  as  the  water  surging 
back. 

Mr.  Geveltn: — Any  gentleman  who  has  observed  the 
water  sluices  along  canals  could  not  fail  to  notice  the  undu- 
lation in  the  level  of  the  canal  when  they  close  the  gates. 
I  have  seen  it  last  twenty-five  minutes,  going  backward  and 
forward  gradually  growing  less.  When  you  shut  down 
suddenly  in  a  pumping  machine  I  have  seen  the  gauge  vary 
from  I20  pounds  up  to  i6o  pounds  to  the  square  inch,  the 
pressure  gradually  becoming  less  and  less.  It  is  an  unknown 
compressible  matter  being  pushed  back  and  forth  until  it 
comes  to  a  rest,  which  at  Augusta,  Georgia  I  have  seen  last 
twenty  minutes. 

Mr.  Horxung: — That  is  what  I  wanted  to  call  attention 
to — the  oscillation  of  water  volumes  that  occur;  I  know  it 
does  in  pipes  when  the  flow  is  suddenly  stopped. 
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Mr.  Monjeau: — This  is  a  matter  we  have  studied  for 
some  time  in  trying  to  obv^iate  the  destruction  of  railway 
cars,  and  I  am  under  the  impression  that  in  stopping  a  long 
train  of  cars,  we  can  avoid  the  breakage,  but  we  have  not  yet 
arrived  at  any  way  to  do  it  because  the  first  car  that  is 
stopped  receives  the  blow  of  the  next  with  the  momentum  of 
the  train  and  the  next  again  and  so  on.  How  much  that 
momentum  is  lessened,  or  how  much  it  may  be  increased 
we  are  not  able  to  ascertain.  The  fact  that  a  train  of  water, 
so  to  speak,  or  a  body  of  water,  coming  down  at  a  given 
velocity  is  suddenly  stopped,  may  have  on  the  valve  stopping 
it  the  same  effect.  It  is  my  impression  that  the  same  law 
will  apply  to  water.  I  know  it  is  the  same  case  with  air, 
and  I  am  under  the  impression  that  water  vibrates  on  the 
same  principle.  If  that  be  the  case  it  will  explain  the 
difficulty  that  the  gentleman  speaks  of.  The  weight  of  the 
body  of  water  in  the  pipe  is  on  the  valve  for  the  moment. 
When  that  momentum  is  gradually  stopped  then  the  valve 
can  be  turned  without  difficulty. 

Mr.  Jones: — This  question  is  to  us  perhaps  more  serious 
than  to  any  other  water  company  in  the  country.  We  are 
now  the  largest  city  in  the  United  States  pumping  water  by 
direct  pressure,  and  when  these  accidents  have  happened — 
whether  due  to  imperfect  valves,  to  water  ram  or  to  any 
other  cause — it  raises  doubts  in  our  minds  as  to  whether  we 
can  keep  up  with  the  growth  of  the  city  with  direct  pressure. 
If  we  cannot  do  it  with  safety  we  must  resort  to  some  other 
method,  and  it  was  with  that  view  I  wanted  to  get  up  the 
discussion,  in  order  to  learn  the  experience  of  other  people 
as  to  whether  there  was  sufficient  safety  in  the  direct  pressure 
system  in  large  lines  of  pipe.  We  are  not  afraid  of  the 
pipes'  because  they  are  standard  weight  and  will  stand  any 
pressure,  and  if  a  valve  cannot  be  made  as  strong  as  water 
pipe  we  are  just  about  at  the  end  of  our  rope  in  keeping  up 
with  the  demands  made  upon  us.  From  this  discussion  I 
have  received  considerable  information  and  I  am  very 
thankful  to  the  convention.     On  motion  adjourned. 
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THIRD  DAY. 

MORNING    SESSION. 

Thursday,  April  i8th,  i88g. 
The  President  called  the  Convention  to  order. 

The  President: — The  first  order  of  business  is  the  reading 
of  the  paper  "Standard  Water  Pipes"  by  Mr.  S.  B.  Russell  of 
St.  Louis. 

STANDARD  WATER  PIPES. 


In  all  probability  the  majority  of  water  works  men  and  other  pipe 
c<msnmers  have  now  mapped  out  clearly  in  their  head?  the  way  that 
the  diniensiions  of  a  manufactured  water  pipe  are  determined.  First 
the  engineer,  contractor  or  superintendent,  let  us  call  him.  this 
consumer,  orders  his  pipe,  giving  the  inside  diameter  and  the  thick- 
ness of  the  barrel  or  the  weight  per  foot  or  per  pipe.  The  manufac- 
turer receives  the  order,  calculates  what  the  outside  diameter  of  the 
pipe  would  be  if  of  the  exact  inside  diameter  required  and  then 
looks  over  his  patterns  and  selects  the  one  nearest  to  the  calculated 
diameter.  If  the  pipe  is  a  six  inch  he  may  have  feur  or  five  patterns 
to  select  from,  if  it  is  a  twelve  inch,  he  probably  has  but  two.  Having 
chosen  his  pattern  he  calculates  the  diameter  of  the  core  which  will 
give  him  the  same  weight  per  foot  as  the  pipe  called  for. 

The  result  of  this  roundabout  way  of  dimensions  is  that  we  rarely 
vet  a  pipe  exactly  twelve  inches,  for  example,  in  inside  diameter  and 
that  no  two  manufacturers  will  furnish  a  fire  of  the  same  diiretsions. 
In  fact  the  consumer  never  knows  the  precise  dimensions  of  the  pipe 
until  it  is  delivered  and  measured.  There  is  probably  no  great  loss 
entailed  by  this  present  method  although  a  little  annoyance  sometimes 
follows  when  a  new  pipe  will  not  slip  into  an  old  one  or  when  our 
special  castings  do  not  give  the  proper  joint. 

To  look  at  present  conditions  from  another  point  of  view,  we  find 
that  there  are  in  use  in  America  *  no  less  than  fourteen  different 
classes  +  of  six  inch  pipe  ranging  from  twenty-seven  to  thirty-three 
pounds  per  foot  in  weight. 

This  sums  like  an  unnecessary  number  and  especially  when  we 
remember  that  we  have  to  allow  manufacturers  a  margin  of  from 
two  and  a  half  to  five  per  cent  each  way  in  weight  and  even  then  they 
do  not  seem  able  to  keep  within  the  limits. 

In  wrought  iron  pipe  we  do  not  find  so  many  classes  necessary  and 
the  same  may  be  said  of  lead  pipe. 

There  is  room  for  improvement  in  our  methods  or  rather  want  of 
method. 


•    Paper  by  Mr.  Noyes.  Trans.  New  England  Water  Works  Association,  1885. 
t    The  word  class  is  used  to  designate  pipe  of  a  ct-rtain  weight  per  foot. 
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To  bring  about  a  change  we  should  have  the  cooperation  of  manu- 
facturers and  consumers  and  both  should  be  consulted  in  formulating 
a  scheme.  This  Association  is  eminently  fitted  to  lead  in  such  a 
movement  and  any  well  considered  plan  formally  approved  by  this 
body  would  probably  come  into  general  use.  gradually  if  not  rapidly, 
as  new  consumers  are  starting  up  all  around  and  old  patterns  must 
be  replaced  by  new  from  time  to  time. 

In  getting  up  a  standard  series  we  should  first  determine  the 
number  of  classes  needed  for  each  size  of  pipe.  Probably  five  or  six 
classes  would  be  sufficient  for  any  one  size.  Having  determined  the 
average  weight  per  foot  for  each  class  we  should  then  agree  on  the 
patterns.  One  pattern  would  probably  do  for  two  or  more  classes  and 
indeed  I  am  not  sure  it  would  not  be  well  to  have  only  one  patterfi 
for  each  size  of  pipe  as  this  would  greatly   simplify  the  Joint  question. 

In  St.  Louis  we  have  four  classes  of  thirty-six  inch  pipe  and  two 
classes  for  every  other  size  and  we  use  but  one  pattern  for  each 
diameter,  so  that  pipes  from  the  same  foundry  will  fit  together  regard- 
less of  class. 

It  would  not  be  advisable,  in  my  opinion,  to  consider  any  formulaie 
for  pipe  strength  or  to  lay  down  any  rulei  as  to  .the  head  which  any 
class  would  safely  stand. 

The  consumer  or  his  engineer  should  b3  the  one  to  decide  on  the 
.strength  of  pipe  needed  under  given  conditions  and  on  the  proper 
relation  of  thickness  to  diameter. 

The  President: — The  subject  of  Mr.  Russell's  paper  is 
now  before  you  for  discussion. 

Mr.  Russell: — If  there  is  no  discussion,  in  order    to  get 
the   sense  of  the  association  I  make  the  motion  that  a  com 
mittee    of    three    be    appointed    by  the  president  to  draft  a 
standard  series  of  pipes,  to  be  submitted  to  the  Association 
for  approval  at  the  next  convention. 

The  motion  being  carried  the  Chair  appointed  Mr.  Russell, 
Dennis  Long  &  Co.  and  Shickle  Harrison  &  Howard  Iron 
Co.,  or  their  representatives. 

The  President: — Our  next  paper  is  "Relation  between 
plumbers  and  Water  Companies  and  Departments"  by  Mr. 
B.  F.  Jones  of  Kansas  City. 


RELATIONS    BETWEEN     PLUMBERS    AND    WATER 
COMPANIES  AND  DEPARTMENTS. 


This  subject  is  sy  old  and  so  well  ventilated  and  discussed  that  it  would 
seem  difficult  to  present   anything  original.     At  the    same   time   it   is 
always  interesting,  and  I  might  say  inexhaustable. 
The  text  may  properly  be  divided  into  two  parts: 
Relations  that  ought  to  exist,  and  Relations  that  do  exist. 
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There  is  not  the  slightest  reasons  why  these  relations  should  not  be 
perfectly  harmonious;  the  one  party  exacting  only  reasonable  com- 
pliance with  reasonable  rules  and  regulations  which  are  undoubtedly 
necessary  for  its  preservation,  and  the  otljer  by  reason  of  such  com- 
pliance securing  encouragtment  and  assistance  from  a  source  of 
undoubted  value. 

To  a  limited  extent,  plumhers  are  good  men,  mechanics  of  fair  intel- 
ligence, who  want  to  conform  ta  rules,  provided  they  can  do  so,  but 
they  are  often  enticed  or  tempted  to  do  wrong  by  the  flinty  penuri- 
ousness  of  the  house  holder,  who,  while  wanting  the  best  work  done,  is 
unwilling  to  pay  for  it.  It  is  generally  under  these  circumstances  that 
the  plumber  shirks  his  duty,  makes  trouble  between  the  Water  Com- 
pany or  Department  and  the  owner,  violates  the  rules,  loses  reputation 
for  honesty  and  integrity. 

Again,  there  are  plumbing  firms  of  high  standing  commercially,  who 
do  business  on  sound  principles;  who  do  not  care  to  take  a  contract 
unless  there  is  profit  in  it.  These  men  want  to  conform  to  all  the 
rules  and  value  the  advantages  of  the  confidence  and  esteem  of  the 
Water  Company,  but  they  are  handicapped  to  some  extent  by 
unscrupulous  apprentices  (plumbers,  so  called)  who  likewise  make 
trouble  and  vexation. 

All  Water  Departments,  at  the  begining,  start  out  with  a  code  of 
rules  for  plumbing  concerning  the  introduction  of  water  into  premises. 

First  They  require  a  bond,  generally  covering  a  period  of  one  year, 
fixed,  in  some  cases,  by  a  specific  sum.  or  in  other  cases  it  is  general, 
intended  to  cover  any  losses  sustained  by  reason  of  non-conformity 
with  the  rules. 

Second:  After  the  bond  has  been  filed,  together  with  his  agreement 
to  comply  in  all  respects  with  the  rules,  before  doing  any  work  he 
must  have  a  permit  and  agree  to  promptly  return  the  same  when  the 
job  is  finished. 

And  then  came  the  details  as  to  what  may  and  what  shall  not  be  done, 
for  example: 

The  pipe  must  be  under  ground  so  many  feet. 

All  connections  to  wrought  iron  pipes  must  be  made  with  a  tee  or 
cross. 

All  lead  pipe  shall  be  extra  strong. 

No  fixture  for  ordinary  use  must  be  attached  to  elevator,  stand  pipe 
or  motor  connections. 

Stop  boxes  must  be  put  directly  in  front  of  premises  to  be 
supplied  and  not  on  the  line  between  two  lots. 

Must  not  furnish  keys  to  stop  boxes. 

Must  put  stop  and  waste  into  all  premises,  that  will  drain  the  pipe. 

Must  put  in  chambers  to  prevent  the  water  hammer. 

If  the  use  of  hose  is  not  wanted,  refrain  from  putting  in  hose  con- 
nections. 

Must  use  lead  pipe  from  main  to  curb;  must  ''wipe"  all  joints; 
must  not  put  compression  bibbs  over  sinks  or  wash  basins;  must  not 
connect  water  pipe  to  privys  or  any  place  likely  to  freeze. 

It  would  be  tiresome  and  unprofitable  to  follow  these  details,  which 
are  so  familiar  to  you  all.  It  is  enough  for  present  purposes  to  men- 
tion these  as  some  of  the  prominent  requirements. 

Experience  teaclies  us  that  the  strictest  sort  t)f  rufts  are  necessary, 
and  the  circumstances  must  be  very  peculiar  which  will  permit  var- 
iation: and  yet;  some  of  these  could  well  be  modified,  as  an  exception 
to  the  rule,  were  it  not  for  the  fact  that  it   weakens    discipline,  demor- 
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alizes  the  office  force    and  proves    occasion    for    more    frequent    and 
objectable  violations  in  some  other  directions. 

We  have  found  that  plumbers,  instead  of  plainly  stating  to  the  appli- 
cant that  such  and  such  appliances  will  not  be  passed  by  Water  Com- 
pany, depend  upon  the  applicant  to  engineer  through  the  office,  by 
personal  appeal  or  otherwise,  an  irregularitj-  which  they  had  in  their 
power  to  prevent.  In  some  instances  they  proceed  to  make  a  connec- 
tion which  they  know  is  not  allowed  under  the  rules,  and  excuse  them- 
selves by  saying  that  the  applicant  has  permission  from  Mr.  So-and-So 
to  make  an  exception  in  his  case,  thus  throwing  all  the  disagreeable 
explanation  of  why  and  wherefore  upon  the  company.  This  practice  I 
need  not  say,  is  not  as  frequent  now  as  formerly.  In  this  connection  I 
may  mention  a  case  recently  brought  to  my  attention.  A  certain 
plumber  had  connected  an  outside  closet  with  the  pipes  from  the 
dwelling,  with  the  understanding  that  the  applicant  would  make  it 
right  with  the  company,  his  returned  permit  found  its  way  t«  the 
rejected  hook,  and  in  turn,  the  plumber  was  ordered  to  take  the  pipe 
out.  This  brought  to  the  front  the  occupant,  who  could  not  see  why 
we  could  not  let  it  remain  during  the  summer,  upon  his  promise  to  dis- 
connect it  in  the  fall  of  every  year.  The  result  of  the  controversy  was. 
he  was  allowed  to  let  it  remain  by  metering  his  piemists,  and  the 
plumber  should  have  been  suspended,  but  in  all  probability  was  let  go. 
It  would  be  a  hopeless  task  to  convince  that  householder  of  the  justice 
of  this  disposition,  and  I  doubt  very  seriously  if  his  bills  will  be  as 
much  with  the  meter  as  without  it.  If  not,  the  company  is  loser,  all 
on  account  of  this  violation  by  one  of  the  best  plumbing  iirms  of  our 
city. 

No  Water  Company  can  afford  to  be  out  ot  harmony  with  a  fairly 
minded  plumber,  any  more  than  an  evil,  disj'os^d  plumber  can  afford 
to  be  out  of  harmony  with  the  Water  department.  A  nice  discrimin- 
ation and  sound  discretion. — a  give  and  take  sort  of  a  way^ — of 
disposing  of  all  these  questions,  is,  in  my  judgment,  the  wise  course  to 
pursue,  provided  the  plumber  is  not  intentionally  mean  and  entirely 
indisposed  or  incapacitated  for  observing  the  plainest  code  of  laws 
ever  made  since  the  ten  commandments  were  written  on  the  granite  of 
Sinai,  in  such  a  case  suspension  or  revocation  of  the  license  is  the  only 
safe  rule  of  action. 

As  I  have  had  occasion  to  say  before.  "Even  a  plumber  ought  to 
know  something  about  plumbing"  and  I  am  free  to  say  that  some  of  them 
do.  but  many  of  them  do  not.  A  man  may  know  how  to  wipe  a  joint,  use 
gas  tongs  and  red  lead,  and  how  to  kill  time  and  charge  seventy  cents 
an  hour  from  "early  morn  till  dewy  eve.  and  till  morn  again,"  and  yet 
fall  very  far  short  of  being  a  plumber  in  all  that  that  word  implies. 
He  ought  to  be  a  gentleman  and  a  scholar  and  a  judge  of  the  rights  of 
others.  I  believe  they  are.  however,  the  best  abused  people  in  the 
whole  world.  Even  an  honest  and  upright  man  in  the  profession  has 
to  suffer  for  the  short  comings  of  those  who  are  hopelessly  insolvent  in 
character  as  well  as  in  good  intentions.  No  profession,  to  my  know- 
ledge, has  such  a  mixture  of  very  good  and  very  mean  peojjle.  and  a 
very  mean  plumber  is  only  excelled  in  meanness  by  the  charcoal 
burners  of  the  Iron  districts  of  Hanging  Eock.  Ohio,  and  others  like  it. 

While  upon  this  subject  I  may  remind  the  Association  of  a  paper 
read  at  Cleveland,  a  year  ago,  by  our  worthy  president,  in  which  was 
discussed  what  he  chose  to  call  "the  Kansas  City  question."  A  plumb- 
ing firm  had  rebelled,  refused  to  give  bond  and.  under  advice  of  coun- 
sel, did  work  in  connection  with  water  pipes  without  taking  out  a 
permit,  but  notified  us  from  time  to    time   that    such    and    such    work 
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had  been  done.  Under  a  city  ordinance,  for  our  protection,  we  could 
have  had  them  arrested  and  probably  tiutd  for  the  violation  of  the  city 
ordinance,  but  this  would  only  have  provoked  them  to  wrath,  so, 
by  advice  of  counsel,  we  complained  to  the  Circuit  Court  and  asked  for 
an  injunction.  At  the  preliminary  hearing,  we  proved  by  all  the  plumb- 
ers, almost,  in  the  city,  that  our  rules  were  reasonable  and  unobject- 
able,  and  that  these  parties  were  likely  to  do  us  serious  injury:  proved 
also,  that  our  ruies  were  not  unlike  those  of  other  companies  or  depart- 
ments in  any  essential  particular.  The  Court,  to  our  surprise,  denied 
the  injunction,  although  it  held  that  we  had  the  right  to  enforce  all 
proper  and  reasonable  rules  for  the  conduct  of  our  business.  The  case 
was  without  precedent  and  hence  the  Court  had  no  benefit  from  other 
decisions.  We,  however,  were  preparing  for  formal  trial  and  appeal  if 
necessary  when  one  of  the  firm  applied  for  a  license  and  gave  bond  on 
his  own  account,  which  was  shortly  followed  by  the  other  member  of 
the  firm,  whereupon  the  case  was  dismissed  at  his  own  cost  and  now 
all  are  happy  and  serene. 

This  termination  takes  the  "Kansas  City  question"  out  of  the  courts, 
leaving,  to  some,  doubts  as  to  the  final  result  had  it  proceeded,  but  I 
am  perfectly  satisfied  that  we  should  and  would  have  had  the  injunction 
in  due  time.  The  mills  of  the  Gods  grind  slowly,  but  in  time  they 
grind  very  fine. 

So  long  as  water  companies  and  water  departments  base  their 
action  upon  justice  and  truth  they  will  be  sustained  by  the  courts  and 
all  good  citizens.  All  monopolies  have  trouble  and  vexation  and  yet. 
because  they  are  monopolies  there  is  no  justification  in  riding  rough 
shod  over  their  patrons.  A  monopoly,  whether  it  is  a  water 
company  or  a  gas  company,  or  an  oil  trust  or  a  sawdust  trust  or 
any  other  sort  of  trust,  should  never  forget  that  it  is  dependent 
upon  the  community  for  sustenance  and  their  creation  is  due  to  the 
community  and  that  violation  of  laws,  all  over  the  world,  is  punished 
only  to  the  extent  that  the  community  is  in  sympathy  with  them,  as 
evidenced  by  the  great  number  of  statutes  violated  every  day;  not 
enforced  because  they  are  obnoxious  to  public  sentiment. 

Let  us  be  reasonable  in  our  rules,  exacting  no  more  than  actually 
necessary,  be  firm  in  enforcing  these,  and  patiently  await  the  results. 

(The  reading  of  the  paper  was  concluded  with  applause.) 

Mr.  Cameron: — I  think  Mr.  Jones  has  covered  all  the 
ground,  and  I  do  not  think  he  has  left  a  point  to  discuss. 
However  some  gentlemen  present  may  want  to  discuss  the 
poor  plumber;  he  seems  to  have  no  friends. 

Mr.  Diven; — We  all  license  and  put  plumbers  under  bond. 
I  would  like  to  know  if  any  member  has  ever  revoked  such 
license  and  collected  the  amount  of  the  bond-  I  had  occa- 
sion to  try  it  once  and  did  not  succeed. 

Mr.  Jones: — I  have  known  of  frequent  cases  where  they 
have  been  revoked,  but  there  is  nothing  due  until  some 
damage  is  found. 

Mr.  Diven: — Didn't  the  plumber  keep  right  on,  notwith- 
standing? 
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Mr.  Jones: — No  sir;  that  was  exactly  this  case  I  speak   of. 

Mr.  Cameron: — Mr.  Diven  asked  a  question  which 
reminds  me  that  I  did  once  have  a  case  where  I  collected 
five  dollars  from  a  plumber,  and  the  serious  part  of  it  was 
that  he  was  a  colored  man — one  of  our  poor  colored  breth- 
ren. 1  disliked  exceedingly  to  have  to  take  the  money  but 
as  I  was  instrumental  in  having  the  ordinance  passed  by  the 
authorities  then  having  charge  of  the  City  Government, 
which  enforced  the  penalty  of  from  five  to  fifty  dollars  upon 
any  body  who  interferred  with  the  fixtures  of  the  Water 
Company  in  any  manner  whatever,  I  had  no  recourse  but 
to  proceed  against  him.  It  appeared  that  the  man  had  very 
kindly  turned  on  the  water  for  one  of  our  customers  who 
had  not  paid  his  bill,  and  I  found  out  that  he  had  collected 
the  charge  of  five  dollars  and  continued  to  keep  turning  on 
the  water  when  it  was  turned  off  in  order  to  shield  himself. 
That  part  of  the  business  I  did  not  ascertain  until  just  about 
the  time  judgment  was  given  against  him.  He  was  fined  five 
dollars  in  the  Recorders  Court.  On  account  of  the  man's 
color  and  condition  I  declined  to  press  the  penitentiary 
offense  against  him. 

Mr.  Potts: — There  is  a  case  pending  in  Columbus  that 
involves  this  question  to  quite  a  large  extent,  the  damages 
sought  to  be  recovered  running  up  in  various  cross  claims 
from  five  to  fifteen  thousand  dollars.  The  case  is  this:  The 
water  works  company  just  prior  to  this  time  had  revoked  all 
their  previous  orders  of  putting  in  pipe  from  the  curb  into 
the  building.  That  was  a  habit  the  water  works  had  fallen 
into — of  taking  contracts  to  put  in  elevator  pipe,  but  they 
had  ordered  the  Superintendent  not  to  do  any  work  of  that 
kind.  Then  the  plumber  takes  the  contract  to  put  in 
elevator  pipe  and  the  water  works  company  put  the  pipe 
up  to  the  curb  and  placed  a  valve  there.  The  plumber  goes 
to  work  and  puts  in  a  lot  of  iron  pipe  connected  with  the 
valve  without  putting  a  collar  on  it  and  when  the  water 
pressure  was  turned  on,  it  blew  the  pipe  out.  The  tenant 
sues  the  landlord  for  ten  thousand  dollars  damages;  the 
landlord  comes  upon  the  City  for  damages  by  water;  the 
City  demurs,  saying  they  had  nothing  to  do  with  it;  that  it 
was  caused  by  the  defective  work  of  the  plumbers.  There 
upon  he  (the  landlord)  turns  around  and  sues  the  plumbers 
likewise.  The  case  is  still  pending  and  it  is  a  very  hard 
matter  to  say  what  the  out-come  will  be.  The  suit  was 
brought    some    three   years   ago    and    is   still  working  its  way 
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through  the  Courts.  As  I  have  said  it  is  a  difficult  thing  td 
guess  what  the  result  will  be,  but  my  impression  is  that  the 
plumber  should  be  held  liable;  certainly  not  the  city  because 
it  was,  not  their  pipe  that  burst  and  they  had  had  no  hand 
in  doing  the  work. 

Mr.  Cameron: — They  have  an  inspector^  however,  and 
he  should  have  looked  after  that. 

Mr.  Potts: — Well,  the  Inspector  could  not  be  there  all 
the  time  to  see  that  they  were  doing  the  work  properly.  It 
appears  that  when  he  did  pass  over  the  work  it  looked  all 
right,  and  it  was  only  when  they  put  on  excessive  pressure 
the  result  shewed  that  a  collar  had  not  been  put  on  the 
wrought  iron  pipe,  which  caused  it  to  blow  out- 

Mr.  Gardner: — In  New  Orleans  for  some  time  I  had 
considerable  difficulty  with  plumbers  arising  out  of  irregu- 
larities practiced  by  them  in  their  failure  to  report  the  work- 
done,  until  it  became  a  mooted  question  as  to  whether  a 
Plumbers  Association  should  not  be  organized.  I  fostered 
that  idea  and  to  the  best  of  my  ability  stimulated  that 
organization  after  it  had  been  formed,  and  then  I  went  before 
it  and  submitted  our  proposed  rules.  They  examined  them 
and  said  they  were  just,  reasonable  and  proper.  I  had 
pledged  myself  to  facilitate  and  assist  them  in  any  manner  I 
could,  simply  exacting  from  them  a  promise  that  they  would 
conform  strictly  to  those  rules  and  regulations  wliich  they 
had  approved,  and  that  they  would  aid  me  in  tracing  out  tin 
smiths  and  jobbers  who  undertook  to  do  plumbing  work.  I  am 
glad  to  say  that  since  that  time  I  have  had  comparatively 
no  trouble  with  plumbers,  and  when  any  irregularity  has 
occurred  growing  out  of  this  unauthorized  work  I  have  found 
the  plumbers  of  New  Orleans-  ready  and  willing  to  respond 
to  any  call  I  have  made  on  them  to  assist  me  in  tracing  up 
these  people  and  bringing  them  to  justice.  We  are  protected 
by  a  City  Ordinance  and  so  have  no  difficulty  in  having 
the  offenders  fined  when  caught — that  is  in  having  any  man 
who  is  detected  doing  plumbing  work  without  proper 
authority  and  license  being  fined  and  punished. 

Mr.  Briggs: — My  experience  to  a  certain  extent  has 
been  similar  to  that  of  Mr.  Gardner-  I  took  our  rules  before 
the  plumbers  and  told  them  that  if  there  was  anything  in 
them  objectionable  to  point  it  out.  We  went  all  over  the 
ground,  and  agreed  that  we  would  work  harmoniously.     That 
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Plumber's  Association    however   broke    up  in  a  week,  so  that 
we  did  not  derive  much  benefit  from  it. 

The  President: — I  should  like  to  ask  Major  Jones  if  he 
forbids  the  use  of  compression  bibs  over  sinks? 

Mr.  Jones: — Entirely. 

The  President: — May  I  ask  why? 

Mr.  Jones: — It  is  because  of  the  likelihood  of  their  being 
left  open  and  the  consequent  waste  of  water.  We  require 
self  closing  cocks  in  all  cases  except  with  bath  tubs,  and 
we  do  not  allow  hose  connections  over  sinks  where  they  may 
turn  the  hose  on  anywhere. 

Mr.  Holden: — I  would  like  to  inquire  if  any  member  has 
experienced  trouble  by  reason  of  having  incompetent 
plumbers  licensed.  In  our  town  we  made  a  fight  to  have  a 
City  Ordinance  passed  licensing  plumbers,  and  after  awhile 
such  an  ordinance  was  passed,  but  it  put  the  license  at  one 
dollar.  The  regular  plumbers — we  had  six  or  eight  of  them 
in  the  city — were  in  favor  of  the  ordinance,  but  the  result  of 
it  was  that  every  tinsmith  and  locksmith  that  could  tinker 
on  a  pipe  took  out  a  license,  and  thus  had  just  as  much  right 
to  make  repairs  as  the  best  plumber  in  the  city,  so  that  that 
piece  of  legislation  did  not  help  us  at  all. 

The  President: — I  take  't  that  it  would  be  much  easier 
to  answer  the  question,  what  member  of  the  association  has 
Hoi  had  sad  experience  with  incompetent  plumbers.  As  a 
rule — that  is,  in  the  West — we  find  the  plumber  is  taken 
from  the  ranks  of  blacksmiths,  tinsmiths,  gas  fitters  and  all 
sorts  of  trades,  and  I  am  always  very  weary  of  a  shop  where 
I  see  emblazoned  in  large  letters,  "Sanitary  Plumber."  I 
never  go  into  such  a  shop.  Now,  I  would  like  to  ask  what 
Major  Jones  does  in  a  case  of  this  kind:  Where  a  man  of 
influence  says  to  the  plumber,  you  do  thus  and  so  and  I  will 
make  it  all  right,  I  will  stand  between  you  and  harm. 

Mr.  Jones: — I  think  I  have  explained  that  in  this  article. 
That  is  one  of  the  very  complaints  we  have  to  make  against 
plumbers,  but  generally  we  make  the  plumber  do  the  Avork 
over  again.  Sometimes,  however,  we  allow  the  man  to  take 
a  meter,  but  thereby  we  lose  revenue.  We  don't  want 
meters  in  private  premises.  That  is  the  only  way  we  meet 
the  case — either  to  meter  it  or  compel  the  plumber  to  take 
it  out. 
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Mr.  Diven: — In  the  East  we  have  no  plumbers;  they  are 
all  Sanitary  Engineers,  but  before  granting  a  license  to  a 
plumbing  concern  they  must  show  that  they  have  some  one 
connected  with  the  firm  who  is  a  Journeyman  Plumber — that 
is  one  who  has  served  his  time  as  a  plumber. 

The  President: — We  have  in  our  city  an  ordinance  which 
forbids  the  use  of  anything  but  extra  strong  pipe  from  the 
main  to  the  curb  line  and  it  must  be  laid  six  feet  deep 
I  have  never  known  a  pipe  in  our  city  laid  that  depth  to 
freeze.  Now,  there  comes  along  a  genial  gentleman  who 
has  built  a  row  of  cheap  houses — say  fifteen  or  twenty  of 
them,  and  he  says,  "Can't  I  have  one  pipe  for  all  these 
houses."  I  reply,  "Oh  no."  "Well,  have  I  got  to  make  a 
tap  for  each  one  of  these  lots."  "Yes."  Well^  we  finally 
get  him  to  consent  to  lay  pipe  for  each  house.  Then  says 
he,  "See  here,  lead  pipe  costs  thirty-five  cents  laid  in  the 
ground  and  I  can  get  iron  pipe  for  so  and  so,  and  it  will  be 
a  great  saving  to  me  to  put  iron  pipe  from  the  main  to  the 
curb  line;  I  am  building  these  houses  for  sale,  and  it  is  a 
great  hardship  on  me  to  compel  first  class  work  under  such 
circumstances."  Now,  I  have  never  failed  to  win  over  such 
a  man  by  telling  him  that  if  it  were  simply  a  contract  be- 
tween him  and  me  it  would  do  very  well  but,  my  dear  sir, 
you  are  laying  pipe  in  that  ground  to  stay  there  for  the  years 
after  you  have  not  only  sold  it  but  are  dead,  and  by 
permitting  inferior  work  to  go  into  that  job  now  we  would 
be  simply  entailing  an  inheritance  of  trouble  on  those 
who  follow  us.  I  have  never  failed  to  conquer  a  man  by 
that  kind  of  argument,  and  assuming  a  certain  kind  of  posi- 
tiveness  with  him.  Now,  with  the  permission  of  the 
-Association,  I  would  like  to  hear  a  word  from  Mr.  Nevons  of 
the  New  England  .\ssociation.     (Applause). 

Mr.  Nevoxs: — Mr.  President  and  Gentlemen, — I  will 
occupy  your  time  but  for  a  short  space.  I  wish  in  the  first 
place  to  extend  a  cordial  invitation  to  the  .American  Associa- 
tion to  attend  the  meeting  of  the  New  England  Association, 
or  rather  for  the  old  folks  from  home  to  see  the  boys  in  New 
F^ngland,  and  I  assure  you  we  will  treat  you  as  best  we  know 
how.  We  still  have  baked  beans  and  brown  bread  up  there 
and  perhaps  a  change  will  do  you  good.  We  are  very  much 
interested  in  this  Association  and  would  be  glad  to  meet  all 
of  its  members  there  and  have  you  take  part  in  the  discussion 
on  papers  that  will  be  read.  We  have  had  some  pleasant 
and  instructive  meetings  the  past  winter,  and  hold  our  annual 
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meeting  in  June.  We  have  wrestled  with  many  problems, 
one  of  which  is  that  of  cement  pipe,  and  we  have  concluded 
that  cement  pipe  is  the  best  we  can  have,  providing  it  is 
made  all  right,  but  it  takes  some  one  who  knows  how  to 
make  it  right.  We  have  concluded  that  the  best  way  is  to 
have  iron  any  where  from  seven-eights  to  an  inch  thick. 
(Laughter  and  applause).  There  is  no  trouble  about  the 
cement  then;  you  need  use  no  cement  at  a.V.     (Laughter). 

The  President: — There  being  no  further  discussion  on 
this  point  we  will  proceed  with  the  regular  order,  which  is  a 
paper  on  "Aeration  and  Sedimentation  of  Muddy  River 
Water"  by  Prof.  J.   B.  Johnson. 

Prof.  Johnson:— -When  I  consented  last  December,  at 
Mr.  Gardner's  request,  to  read  this  paper  before  the  Asso- 
ciation I  expected  to  be  able  to  give  results  of  some  inter- 
esting experiments  I  had  been  making,  but  up  to  this  time 
these  experiments  have  not  been  fully  completed.  I  have 
been  by  various  circumstances  kept  from  my  business  for  six 
or  eight  months,  and  I  am  unable  to  give  you  a  paper  which 
•  would  be  really  worth  the  reading.  I  hope  however  at  the 
next  meeting  of  this  Association  to  be  able  to  give  you 
something  worth  listening  to.  As  it  is  I  must  beg  to  be 
excused  from  keeping  the  appointment  made  for  me  to-day. 

Mr.  G.\rdner:- — ^In  the  absence  of  Prof.  Johnson's  paper 
I  would  suggest  that  the  Association  ask  Mr.  Russell  to 
kindly  favor  us  with  some  description  of  the  contemplated 
basins  at  St.  Louis— I  mean,  their  general  features. 

Mr.  Russell: — I  am  afraid  I  cannot  give  you  a  very 
interesting  description  of  these  basins,  because  our  plans 
are  as  yet  very  incomplete.  We  have  been  studying  up  the 
subject  of  subsidence  very  thoroughly— as  thoroughly  as 
time  would  permit.  We  made  some  exhaustive  experiments 
on  the  settlement  of  water  in  a  quiet  state;  that  is,  where 
there  was  no  flow  whatever.  These  experiments  have  not 
yet  been  written  up,  but  my  assistant,  Mr.  Seddon,  who  is  not 
Ja  member  of  this  x\ssociation,  proposes  after  report  is  made 
to  the  Water  Commissioner,  to  write  a  paper  that  will  be 
published.  I  do  not  care  to  forestall  him  in  any  of  his 
points,  and  I  am  not  very  well  prepared  for  so  doing.  We 
have  found  that  constant  flow  settlement  will  not  compare 
with  quiet  settlement  in  our  water,  that  is,  judging  from  our 
experiments.  The  only  way  is  to  let  the  water  come  to  rest 
and  stand  perfectly  quiet.     We  have    been    figuring    out   the 
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most  economical  dimensions  of  our  basins,  taking  into 
account,  of  course  the  lay  of  the  land  and  all.  The  basins  we 
estimate  will  cost  about  $1,000,000,  and  I  think  ought  to  handle 
about  60, 000,000  gallons  of  water  a  day,  and  that  will  give 
about — 1  don't  remember  the  exact  number,  but  I  think 
somewhere  between  twenty-two  and  twenty-eight  hours  of 
quiet  settlement.  I  should  like  the  members  of  this  Asso- 
ciation to  see  our  basins.  Our  present  basins  have  a  total 
storage  capacity  of  60,000.000  gallons  only — that  is  we  have 
four  basins  with  a  capacity  of  15,000,000  each  and  we  at 
times  have  had  a  deposit  of  six  feet  of  mud  in  them.  Our 
last  cleaning  however  was  only  about  eighteen  inches.  We 
clea.i  them  as  often  as  we  can.  One  trouble  about  these 
basins  is  that  they  are  too  low  for  the  high  stages  of  the 
river.  They  are  right  near  the  river  bank,  and  to  get  the 
mud  out  of  the  basins  it  is  necessary  to  have  considerable 
head  to  insure  a  good  flow  through  the  sewers  that  drain  the 
basins  and  discharge  into  the  river.  It  is  quite  a  ])roblem 
how  to  get  up  a  set  of  basins  that  will  handle  the  quantity 
of  water  required  and  at  the  same  time  be  so  arranged  that 
cleaning  will  be  cheap,  to  remove  the  large  quantity  of  mud 
in  a  few  days  being  one  of  the  requirements  and  a  river 
having  a  range  between  extreme  high  and  low  water,  of 
something  over  forty  feet  being  one  of  the  conditions.  I 
think  we  will  have  in  our  new  system  about  six  basins,  and 
that  in  depth  they  will  be  about  the  same  as  the  present 
basins — that  is,  between  high  and  low  water  will  be  about 
eleven  feet.  Each  basin  in  turn  will  be  pumped  full  and  the 
water  allowed  to  stand  until  clear,  and  then  drawn  off.  In 
that  way  we  pass  around  all  of  the  basins,  filling,  settling  and 
drawing  off.  This  requires  of  course,  quite  a  complicated 
arrangement  of  gates  and  distributing  conduits  and  these 
gates  and  conduits  must  have  a  working  capacity  of  100 
millions  of  gallons  per  day. 

Mr.  Gardner:— I  would  like  to  ask  Mr.  Russell  if  he  has 
decided  upon  any  device  for  cleaning  these  basins  and  rid- 
ding them  of  the  sediment. 

Mr.  Russell: — We  have  been  unable  to  get  any  suitable 
device  for  cleaning  the  basins.  In  our  present  system  we 
have  a  travelling  syphon  pipe  six  inches  in  diameter  on  the 
division  wall  between  two  basins;  when  we  wish  to  clean  out 
a  basin  we  draw  off  the  water  into  the  pumping  system  as  far 
as  we  can  and  the  rest  we  allow  to  run  out  of  the  waste  gate; 
then  start  at  the  lower  end  of  the  basin  with  the  syphon  pipe 
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over  the  division  wall.  The  basin  next  to  the  one  being 
cleaned  is  kept  nearly  full  of  water  and  the  syphon  pipe 
gives  a  stream  flowing  over  the  wall  and  falling  on  the 
bottom  of  the  drained  basin  close  to  the  wall.  We  then 
have  a  gang  of  men  with  large  wooden  scrapers  who  take  a 
swath,  you  might  say,  from  the  wall  down  to  the  center  of 
the  basin.  The  floor  of  each  basin  slopes  from  the  north 
and  south  walls  to  a  longituditional  central  ditch,  running 
parallel  to  them  and  the  men  work  the  mud  from  the  wall 
down  to  the  ditch  or  flume  with  the  aid  of  the  running  water 
and  then  down  the  ditch  to  the  head  of  the  sewer,  whence  it 
flows  by  gravitation  to  the  river.  We  can  get  the  mud  out 
very  cheaply;  I  think  we  get  it  out  for  less  than  one  cent  a 
yard.  We  cannot  very  well  use  horse  power  in  the  basin  on 
account  of  the  unpleasant  effects  that  would  result  from  that 
sort  of  thing.  People  don't  like  to  see  horse  droppings  in 
the  place  where  their  drinking  water  comes  from;  and  we 
have  been  unable  to  think  of  any  mechanical  contrivance  for 
doing  the  work  to  advantage.  When  we  have  only  a  deposit 
of  sixteen  inches  of  mud  it  is  very  quick  work  to  move  it  off. 
Sometimes,  however,  when  we  have  a  long  stage  of  high 
water  in  the  river,  and  the  mud  gets  thick  and  deep  and 
hard  caked,  there  is  a  great  deal  of  trouble;  then  the  mud 
has  to  be  started  by  the  shovel,  the  water  carrying  it  away 
with  a  little  assistance  from  the  men. 

Mr.  Cameron: — I  hate  to  say  anything  about  it,  but  I 
think  this  question  of  the  settling  of  water  is  one  that  has 
been  settled.  I  don't  think  that  these  expensive  reservoirs 
are  necessary  when  by  the  simple  action  of  a  drill  in  the 
earth  you  can  procure  water  like  that.  (The  speaker  exhib- 
ited a  bottle  of  clear  water).  We  people  at  first  thought  we 
could  not  get  such  water  as  that,  but  we  have  demonstrated 
that  it  can  be  done.  Of  course  I  know  all  these  gentlemen 
must  have  their  plants  and  use  some  of  their  capital  on  them, 
but  I  am  under  the  impression  that  the  best  way  to  filter 
is  to  bore  for  it  in  the  earth. 

Mr.  Caldwell: — I  should,  like  to  ask  Mr.  Russell  what 
degree  of  purity  he  gets — if  he  has  ever  looked  into  the 
subject  of  analysis,  or  otherwise,  so  as  to  produce  water  as 
clear  as  that,  for  instance,  (referring  to  the  water  exhibited 
by  Mr.  Cameron). 

Mr.  Russell: — Our  water  after  settling  is  clear  enough 
for  nine  months  in  the  year  to  bathe  in  without  discomfotr, 
but    at  times   the  water  is  very  bad;  it  won't  settle.     I    have 
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and  let  it  stand  four  days  and  it  would  look  as  black  as  ever 
at  the  end  of  the  four  days.  At  these  t'mes  settling  does  not 
accomplish  the  work  at  all,  but  for  about  nine  months  in  the 
year  the  water  settles  quickly  and  we  get  very  fair  results. 

Mr.    Caldwell: — The    reason    I   asked   the   question  was, 
I   had    an   opportunity   ot  seeing  about  150  different    waters, 
ranged  like    a   cabinet,  and  some  of  these  waters  had  settled 
apparently  while  others  that  for   months,  and  I  might  say  for. 
years,  standing  absolutely  still  in  bottles,  did  not  settle. 

Mr.  Cameron: — Here  is  a  sample  of  that  very  water. 
(Exhibiting  a  bottle  of  Wolf  River, Tenn.,  water.)  It  will  stand 
two  months  and  will  still  remain  just  as  you  see  it. 

Mr.  Jones: — I  desire  to  offer  the  following  resolution, 
"While  in  no  City  has  the  .\merican  Water  Works  Associa- 
tion failed  to  receive  marked  consideration  and  hospitality, 
it  is  our  pleasure  to  record  the  fact  that  none  have  excelled 
the  untiring  and  solicitious  attention  offered  to  us  by  Messrs. 
Dennis,  Long  &  Co.,  of  this  city,  extended  mostly  through 
their  able  and  accomplished  Lieutenant,  A.  F.  Callahan. 

The  resolution  was  adopted  unanimously  by  a  rising  vote 
Mr.  Cameron  offered  the  following  resolution,  "Resolved, 
that  the  thanks  of  this  Association  be  and  are  hereby 
extended  to  the  Louisville  Water  Company  through  their 
very  efficient  Chief  Engineer  and  Superintendent,  Charles 
Hermany,  for  the  many  courtesies  shown  us,  which  have 
so  much  contributed  to  our  comfort  and  pleasure  during  our 
sojourn  in  this  city." 

The  resolution    was   adopted   unanimously  by  a  rising  vote 

The  secretary  announced  that  he  had  received  from  Mr. 
Tomlinson  of  Bombay,  India,  a  communication  to  the 
Association  on  matters  connected  with  the  distribution  of 
water  in  cities,  which  on  motion  was  ordered  to  be  printed 
in  the  report  of  the  proceedings  of  the  Association.  The 
paper  is  as  follows: 
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NOTES    ON    SOME    MATTERS    CONNECTED    WITH 
THE  DISTRIBUTION  OF  WATER  IN  CITIES. 


CONTBIBUTED    BY    8.    TOMLINSON,  ASSOC.    M.    INST.    C.  fi.,  DEPUTY    EXECUTIVE 
ENGINEEE  IN    CHABGE    BOMBAY  (iNDIa)    WATEK  WOBKS. 


To  the  President    and    Members   of  the  American    Water    Works    .Asso- 
ciation. 
Gentlemen: — The  subject  of  the  Distribution  of  Water  in  Cities  is  a 

large  one  and  this  communication  is  merely  intended  to  draw  attention 

to  a  few  points  connected  therewith  and  to  cover    drawings  of  a  few  of 

the  fittings  in  use  in  Bombay. 


In  Bombay  cast  iron  pipes  only  are  and  have  been  used  for  dis- 
tribution mains,  and  generally  speaking  are  of  the  plain  spigot  and 
socket  pattern,  and  are  imported.     The  principal  dimensions  are: 
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The  durability  of  cast  iron  pipes  depends  upon  the  quality  of  the 
water  running  through  them  and  the  kind  of  material  in  which  they 
are  laid.  The  quality  of  water  will  be  determined  upon  without 
reference  probably  to  the  lives  of  the  pipes,  and  the  engineer  must 
lay  them  where  they  are  required.  It  is  desirable,  however,  to  avoid 
salt  earth  and  economy  will  justify  expenditure  to  prevent  salt  earth 
from  coming  into  contact  with  the  metal.  An  example  of  the  action 
of  salt  earth  is  found  in  the  case  of  a  32-inch  main  on  the  Bombay 
.works  where  it  is  laid,  for  about  two  mile,  across  land  washed  by  the 
tides.  The  embankment  appears  to  have  been  made  with  earth  from 
the  adjoining  ground,  and  in  many  cases  the  iron  is  converted  into 
oxide  from  one-half  to  three-quarters  of  an  inch  in  thichness,  leaving 
a  mere  shell  of  solid  iron.  Thfe  pipes  are  now  unable  to  bear  any 
shock  and  will  have  to  be  relieved  shortly.  They  have  been  down  for 
thirty  years,  but  they  were  seriously  corroded  before  they  had  been 
laid  for  ten  years. 
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Corrosion  on  the  inner  surface  of  pipes,  due  either  to  deposit  of 
material  from  the  water  or  to  chemical  action  of  the  water  upon  the 
iron  or  to  a  combination  of  these  two  causes,  may  be  removed  by 
scraping  the  pipes.  The  form  of  scraper  shown  on  Fig.  No.  1  gives 
good  results  on  small  pipes. 


z^^^is^ms^ 


The  scraper  is  worked  by  hand,  additional  rods  being  screwed  on  as 
the  scraper  is  pushed  forward.  A  length  of  150  feet  can  be  cleaned  in 
each  direction  from  an  opening  made  in  the  pipe.  One  apparatus  will 
scrape  three-inch  and  four-inch  pipes,  the  others  being  adjustable  by 
means  of  the  set  screws  indicated  on  the  drawing.  The  cost  of  cleans- 
ing depends  upon  the  condition  of  the  pipes,  and  no  reliable  estimate 
for  general  use  is  possible.  A  machine  (3  &  4  inch)  wiih  rods  com- 
plete costs,  at  the  works  of  Messrs.  Guest  &  Chomies.  Rotherham, 
England,  about  £12  sterling. 

For  larger  mains  and  for  propulsion  by  hydraulic  pressure  the  ap- 
paratus shown  by  Fig.  2  has  proved  very  successful.  This  machine  is 
made  by  the  Glenfield  Company.,  Kilmarnock,  N.  B.,  and  the  working 
of  it  is  described  in  the  following  communication  from  Mr.  Thomas 
Kennedy,  of  that  company. 


EXOEBPT    OF    LETTEB  OF    THOMAS    KENNEDY,  ESQ.,  OF    THE    GI-' NFIELD    COM- 
PANY, KILMABNOCK,  ON  THE  SUBJECT  OF  8CBAPING  WATEB 
PIPES    BY    HYDEAULIO    PBES8UBE. 

(JCTOBEB.  17,  1888. 

•'In  the  great  bulk  of  cases  the  deposit  comes  from  the  water.  I 
have  seen  time  after  time  when  nodules  were  broken  off  the  pipe,  the 
skin  entire  underneath.  An  exception  to  this  was  Whitehaven,  an 
old  uncoated  eleven-inch  main  we  scraped  was  eaten  nearly  through, 
so  much  so  that  in  digging,  a  man  put  the  point  of  his  pick  through. 
It  was  scraped  to  about  ten  inches,  it  was  not  thought  safe  to  do  more. 
The  mains  in  Halifax,  Nt^va  Scotia  were  scraped  by  scrapers  supplied 
by  us  and  worked  by  instructions  from  us.  A  twenty-four  inch  at 
Roubair,  France,  has  lately  been  done  in  the  same  way,  both  with 
excellent  results.  With  large  pipes  there  is  no  trouble.  We  have 
done  five-inch  but  only  under  very  favorable  circumstances.  I  did  a 
seven-inch  at  Padiham  with  a  four  and  a  half  hole  through,  one-half 
mile  of  level  pipe  to  start  with,  only  sixteen  feet  head,  the  corrosion 
was  very  hard,  layers  of  oxide  of  iron  and  sulphate  of  lime,  the 
snramer  and  winter  supplies  were  dififerent.  I  got  a  six-inch  scraper 
down  first.  Two  miles  took  me  a  week.  Mr.  Jamison  at  one  time 
Assistant  Surveyor  at  Aberdeen  did  a  lot  of  hand  scraping  of  their 
small  pipes  and  published  the  results  in  a  paper  read  before  the 
students  of  the  Institute  of  Civil  Engineers.  London,  about  six  or  seven 
years  ago.  We  carefully  weighed  the  deposit  from  each  eighty  yards 
of  pipe.  We  find  that  near  the  junction  the  corrosion  was  heaviest, 
and   it  lessened    as   he   got  to  the  dead  end.     We   gave    one    instance 
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where  there  was  a  long  pipe^  with  no  services  in  the  centre.  There  he 
found  the  corrosion  perfectly  uniform.  When  he  got  to  the  service 
pipes  toward  the  dead  end,  the  corrosion  lessened  till  at  the  dead  end 
there  was  none.  The  pistons  of  the  machine  are  of  steel  tapered  in 
front,  for  an  eight-inch  pipe  the  diameter  will  be  about  seven-inches. 
Behind  each  is  a  piece  of  leather  backed  with  lead  about  one-half  to 
three-eighths  inches  thick.  A  certain  quantity  of  water  must  pass 
these  to  carry  forward  the  corrosion,  this  amount  varies  according  to 
circumstances.  If  going  up  hill  it  is  less  than  if  going  down.  For  an 
eight  inch  pipe  the  average  diameter  will  be  seven  and  a  half  to  seven 
and  five-eighths  inches.  I  heard  the  scraper  at  Oswestry  where  the  pipe 
was  sixteen  feet  under  the  road,  but  I  could  not  tell  to  a  few  yards 
where  it  was.  In  a  three  feet  cutting  I  can  tell  to  six  inches  where  it 
is.  Where  possible  I  work  it  thus.  I  go  over  the  ground  and  make 
myself  acquainted  with  the  tract.  If  there  are  dykes  or  hedges  I  make 
provision  to  get  across  without  delay.  Hay  four  men  thirty  to  forty 
yards  apart  with  an  ear  to  the  ground.  The  orders  are,  I  walk  with 
the  scraper,  you  wait  till  it  comes  to  you  and  just  passes  yon,  point 
to  where  it  is.  then  rise,  run  to  thirty  yards  in  front  and  repeat.  I 
then  get  the  man  at  the  valve  to  open  to  an  extent  to  make  the  scraper 
travel  about  but  not  over  two  miles  per  hour. 

The  following  are  the  results  of  cleaning  a  few  mains : 


Place. 


Size  of  naain.  |  Length. 


Eng., 


Bradford, 
Lancaster, 
Oswestry.        •' 
Consett, 
Exeter,  " 

Omagh,  Ireland, 
Aberdeen,  Scotland, 


18  inches. 

7  "      : 

&  6  " 

12  " 

10  " 

6  " 

&  4  " 


5      miles. 


5^  miles, 

J2 


Ipcreased  delivery. 


.  88%. 
•  ■   '     56.5% 
..    54.4% 
f^  mill,   galls,  daily. 
159,000       " 
260% 
107% 


Where  the  renewal  of  pipes  is  expensive,  and  the  disturbance  of 
street  paving  is  a  serious  item  of  expense,  scraping  will  postpone  the 
evil  day  of  renewal  for  many  years,  and,  once  the  hatch  boxes  have 
been  fixed,  can   he    expeditiously   and   cheaply    done. 

The   catalogue  prices,  subject  to  a  variable  discount,  are: 

Size  in  inches.  6  9  12  16  18. 

Price.  £9         £13.10.         £18.  £24  £27. 

The  author  considers  it  a  great  mistake  to  introduce  a  large  num- 
ber of  sizes  of  pipes  into  any  system  of  water  works  for  the  following 
reasons: 

I.  The  use  of  any  particular  diameter  necessitates  the  keeping 
in  stock  of  sets  of  special  castings  of  every  kind  for  that  size,  and  also 
of  sluice  valves.  The  consequence  is  that,  on  extensive  works,  there 
is  a  large  dead  stock  to  be  kept  which  is  only  occasionally  wanted.  As 
large  a  stock  of  valves  and  special  castings  is  required  to  deal  with 
one  mile  of  main  as  with  four  miles,  if  there  be  fair  facilities  for 
replacing  articles  as  used. 

II.  It  will  prove  in  practice  in  nine  cases  out  of  ten  that  no  Engi- 
neer, however  able,  can  foresee  within  fifty  per  cent  the  quantity  of 
water  ultimately  required  in  a  district;  and  hence  there  is  no  advan- 
tage in  proportioning  the  pipes  to  every  one  inch  in  diameter. 

There  appears  to  be  no  sound  reason  why  there  should  be  other 
sizes  than    three   inch,    four  inch,    six    inch,   nine    inch,    twelve    inch. 
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eighteen  inch,  twenty-four  inch,  thirty  inch,  thirty-six  inch  and  forty- 
eight  inches,  in  distributing  mains.  The  following  table  is  compiled 
from  Fanuing's  "Water  Supply  Engineering"   and  Trautwine's  "Hand 


Book.'"      The    cost     i 
inserted  instead  of*  tht 

Diameter.     Diameter. 


8  in. 


4  in. 


H  in. 


1)  in. 


12  in. 


18  in. 


24  in. 


30  in. 


;?«  in. 


4  in. 


6  in. 


9  in. 


12  in. 


18  in. 


24  in. 


30  in. 


3B  in. 


48  in. 


other    places   can 

easily    be  ascertained 

figures  here 

given. 

\  100 
•  ■  ^100 

205 
158 

Discharging  capacity. 
Cost. 

\  100 
•  •  ?  100 

275 
137 

Discharging  capacity. 
Cost. 

\  100 
•  •  ■/  100 

276 

Discharging  capacity. 
Cost. 

\  100 
•  •  ■/  100 

205 

Discharging  capacity. 
Cost. 

^  100 
•   •  1  100 

275 
175 

Discharging  capacity. 
Cost. 

\  100 

205 
144 

Discharging  capacity. 
Cost. 

S  100 
■  ■  ?  100 

174 
151 

Discharging  capacity. 
Cost. 

\  100 
•  •  "(  100 

158 

Discharging  capacity. 
Cost. 

.  .  \  100 
•  •  t  100 

205 

Discharging  capacity. 
Cost. 

and 


Figure  III. 


There  is  therefore  always  a  strong  reason  for  an  Engineer  laying 
down  a  larger  rather  than  a  smaller  pipe  and  the  usual  tendency  is 
for  increased  sizes  to  be  required. 

The  above  table  does  not  indicate  the  whole  of  the  advantage,  for 
as  a  rule,  the  incrustation  is  equal  in  depth  of  all  sizes  and  hence 
affects  the  discharge  much  more  seriously  in  small  than  in  large  pipes. 
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AfP3, 


Afo  2. 


Afo  4. 


Figure  IV. 
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Except  ill  cases  under,  say  six  hundred  feet  in  length,  it  is  not 
advisable  to  lay  down  less  than  four  inch  pipes.  The  mam  reasons 
for  this  are: 

First:     A  three  inch  pipe  is  almost  useless  for  iire  purposes. 

Second.  A  tliree  inch  or  smaller  pipe  does  not  admit  of  being 
bored  out  to  a  size  sufficient  to  admit  of  the  insertion  of  the  larger 
sizes  of  ferrules  for  house  services. 

As  short  lengths  of  dt)uble  spigot  pieces  have  a  tendency  to  accumu- 
late during  the  progress  of  works  it  is  well  to  have  the  special  castings 
made  with  double  sockets.  The  use  of  these  will  absorb  the  surplus 
double  spigot  pipes  and  a  special  with  double  sockets  can  be  made 
much  shorter  and  therefore  much  lighter  and  cheaper  than  a  spigot 
and  socket  special.  For  repairs  a  double  spigot  pipe  /.  e.  a  plain 
cylinder  say  four  and  a  lialf  inches  shorter  than  the  usual  pipe  (socket 
not  measured)  are  convenient  and  economical. 

The  Fire  Hydrant  in  use  in  Bombay  has  aia  outlet  two  and  one-half 
inches  in  diameter  and  gives  fairly  satisfactory  results.  An  obvious 
improvement  required  is  the  attaching  of  the  valve  to  the  spindle  and 
a  guiding  sliield  on  the  under  side  of  the  valve. 

Drawings  of  stop  Ferrules;  stop  taps;  and  bib-taps  in  use  are  ap- 
I)ended.      Ihey  are  almost  self  explanatory. 

Tlie  .-stop  ferrule  used  with  a  Penny's  Drilling  and  Tapping  Apparatus 
(Maker  R.  Harlow.  Stockport.  England)  allows  a  main  to  be  drilled, 
tapped,  and  the  ferrules  inserted  without  shutting  off  the  water. 

The  Ham's  patent  bib  tap  allows  of  repairs  without  shutting  off  the 
water.  The  tap  being  unscrewed  three  turns  brings  the  "ports" 
within  the  screw-thread  and  so  the  water  is  shut  off. 

The  use  of  the  stop  tap  of  the  above  pattern  will  at  most  be  confined 
to  localities  where  there  is  no  port.  The  only  variation  from  an 
ordinary  plug  tap  is  in  the  movable  caps,  which  reduce  leakage  if 
the  plug  gets  out  of  order,  and  in  the  key  required  for  opening. 

One  kev  0])ens  every  tap.  of  whatever  size,  but  in  the  absence  of  a 
key  the  tap  cannot  easily  be  tampered  with.  The  following  note 
explains  the  reason  for  its  adoption  in  Bombay. 

[Note. —  There  is  no  frost  in  Bombay.  The  service  pipes  are  of 
galvanized  iron,  and  except  in  the  roadway  are  very  frequently  laid 
above  grmind.  The  roads  are  entirely  macadamized  and  there  is 
great  trouble  in  keeping  the  stop  tap  boxes  at  the  proper  levels  with 
the  change  in  level  of  the  road  surface  due  to  wear  and  tear.  The 
boxes  also  rapidly  get  covered  over  with  mud  and  dust  and  this  causes 
much  delay  and  extra  expense  in  making  inspections.  The  tap 
shown  in  Figure  IV.  Nos.  3  and  4.  was  therefore  designed  by  Mr. 
Tomlinson  and  has  been  in  use  for  some  time  to  obviate  the  use  of 
stop  taps  under  the  road.  The  new  pattern  tap  is  placed  at  the  side 
of  the  road,  usually  against  the  plinth  of  the  house.  The  whole  city  is 
under  the  waste  prevention  system  with  Deacon's  meters.] 

The  Author  does  not  know  how  far  American  offices  are  in  advance 
of  many  Eastern  offices  in  the  possession  of  and  keeping  up  to  date 
of  correct  plans  of  all  water  mains,  showing  the  positions  and  sizes  of 
the  Sluice  Valves,  Fire  Hydrants  and  Meters,  with  a  record  of  the 
dates  when  laid  or  fixed.  Having  however  felt  the  want  of  such  a 
record  he  mentions  it  to  brother  officers  who  are  laying  down  new  or 
extending  existing  works. 

The  President: — The  next  business  before  the  Associa- 
tion will  be  the  reading  of  a   paper  on  "Purification  of  Water 
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for  Boilers"  by  Mr.  F.  W.  Gerecke.  Mr.  Gerecke  was 
unable  to  be  present  and  sent  his  paper  to  the  Secretary  to 
be  read  to  the  Association. 

The   Secretary     read    Mr.    Gerecke's    paper,    which    is    as 
follows: 


PURE  FEED  WATER  FOR  BOILERS. 


How  happy  we  and  many  others  would  be,  if  we  always  could  have 
absolutely  pure  water  for  our  steam-boilers,  so  that  after  months  or 
years  of  usage  the  inside  of  our  boilers  would  show  yet  a  clean  metallic 
surface. 

But  how  sorry  would  others  be  if  this  was  the  case;  the  men,  who 
not  only  make  a  living  but  something  more  besides  out  of  the 
chemical  concoctions  and  mechanical  devices  for  the  prevention  of 
scale  or  for  the  removal  of  scale  in  the  l)oilers;  and  another  number 
who  are  waiting  for  the  orders  to  renew  boilers,  which  were  burned, 
used  up,  or  entirely  petrified  in  the  course  of  a  few  years. 

But  looking  at  it  from  the  stand-point  of  the  engineer,  who  has  to 
take  care  of  a  set  of  boilers,  what  is  the  best  thing  to  do  to  keep  the 
I. oilers  clear'' 

The  best  thing  is  to  keep  the  mineral  stuff,  which  may  form  scale  in 
the  boiler,  out  of  the  boiler.  Get  rid  of  it  from  the  feed  water,  before 
it  enters  the  boiler:  and  if  it  is  impossible  to  make  the  water  perfectly 
pure,  take  as  much  as  possible  out  of  it. 

Knowing  the  water  is  hard  and  will  form  scale,  and  knowing  that 
there  are  ways  and  means  to  take  out  at  least  a  great  part  of  the 
mineral  substances  from  the  feed  water,  why  not  do  it? 

Muddy  water  should  never  be  used  in  that  condition  for  feeding 
steam-boilers;  but  it  is  being  done. 

I  have  seen  a  new  stationary  locomotive  boiler  in  a  brick-yard 
used  up  in  four  weeks.  The  whole  tirebox  was  burned  out.  because 
the  engineer,  if  that  man  can  be  called  by  such  a  name,  had  never 
cleaned  the  boiler,  knowing  that  the  feed  water  was  thick  with  rnud 
sometimes. 

At  another  time  a  boiler  was  brought  to  the  shops  with  the  request 
to  put  new  tubes  in  it,  when  we  found  that  the  whole  nest  of  tubes 
was  solidly  imbedded  in  scale,  and  of  course  the  boiler  was 
useless. 

In  the  upper  peninsula  of  Michigan  I  saw  steam-boilers  thrown 
out  of  use  because  there  was  thick  scale  all  over  tubes  and  shell . 
which  could  not  be  removed.  The  scale  had  formed  from  feed  water, 
which  was  pumped  from  hematite  iron  mines  and  which  was  mixed 
with  the  colored  water  from  the  concentrating  works  in  which 
particles  of  jasper  and  iron  ore  were  yet  suspended. 

Certainly  muddy  water  should  have  time  to  settle,  or  it  should  first 
be  filtered  and  purified. 

There  are  filters  and  purifiers  of  different  construction. 

Filters  alone  do  not  take  out  the  mineral  solutions.  To  do  this  the 
feed  water  has  to  be  exposed  for  a  time  to  the  heat  of  steam,  which 
should  have  a  pressure  of  sixty  to   seventy   pouads  above  atmosphere. 

There   are    purifiers,   in   which    the   feed  water  is  slowly  running  in 
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thin  sheets  or  with  a  large  exposed  surface  through  a  steam  drum 
connected  with  the  boiler,  and  in  which  most  of  the  lime  and  its 
combinations  and  other  substances  are  deposited  on  the  surface  of 
these  pans,  from  which,  after  it  has  formed  scale  in  different  thicknesses, 
the  hard  matter  can  easily  be  removed. 

Or  there  are  other  devices,  as  settling  chambers  or  basins,  connected 
with  the  steam-space  of  the  boilers,  from  which  the  mineral  substances 
can  easily  be  removed  by  blowing  off.  without  much  loss  of  water  or 
heat. 

Other  devices  are  arranged  inside  the  boiler,  where  the  feed  water 
is  fed  directly  in  the  steam-space  and  the  mineral  particles  float  as 
scum  on  top  of  the  water,  and  can  be  blown  off  by  a  surface  blow. 
But  very  often  the  particles  will  settle  down,  and  coming  in  contact 
with  the  hot  flues  or  with  the  hot  shell  of  the  boiler  will  adhere  to 
them;  or  if  we  look  at  it,  that  every  little  particle  of  water,  when  ready 
to  go  into  steam,  takes  the  required  amount  of  heat  from  its  neigh- 
bors and  a  little  more  from  the  hot  tube  and  ascends  as  steam, 
leaving  just  a  little  dot  of  lime  behind  on  the  tube,  only  to  mark  the 
spot  from  which  it  ascended — and  so  with  the  others— little  by  little 
the  scale  forms,  it  grows  thicker  and  thicker  and  the  harder  for  the 
heat  to  get  through  to  make  more  steam,  and  the  worse  for  the  coal 
pile. 

But  why  arrange  the  purifiers  inside  the  boiler?  Why  not  leave 
them  outside?  If  it  is  an  object  to  prevent  scale  in  the  boilers  the 
difference  in  cost  to  put  an  effective  purifier  outside — only  connected 
to  the  boiler,  should  not  be  a  reason  to  use  one  a  little  cheaper,  but 
not  as  good. 

I  have  watched  two  boilers  which  were  perfectly  alike  and  new, 
with  a  good  sized  mud-drum  on  each.  One  boiler  had  a  purifier 
attached,  which  was  situated  inside  the  boiler  right  on  top  of  the 
tubes,  the  feed  water  being  pumped  through  a  heater  and  through  the 
purifier  into  the  boiler,  near  the  steam-space.  The  supposition  was 
that  the  lime  should  accumulate  in  this  box  and  should  be  blown  off 
by  a  separate  pipe — but  through  the  same  pipe  by  which  the 
water  entered. 

The  second  boiler  had  no  purifier  attached,  but  received  the  feed 
water  through  the  mud-drum. 

Several  trials  were  made.  The  boiler,  which  had  the  purifier 
attached,  had  scale  all  over  the  tubes  and  shell,  while  the  other  boiler 
had  only  some  mud  in  the  mud-drum. 

The  result  shows  that  the  superheated  feed  water  in  one  boiler  has 
the  particles  of  lime  ready  to  adhere  to  any  hot  surface.  Both  boilers 
were  treated  alike  with  a  dose  of  fluid  boiler-compound,  which  may 
have  had  something  to  do  with  keeping  the  minerals  in  the  form  of 
mud  in  the  second  boiler. 

These  boilers  were  used  in  day  time,  carrying  a  pressure  of  ninety 
to  ninety-five  pounds  of  steam,  while  during  the  night  the  pressure 
was  reduced  to  about  twenty-two  pounds  for  some  low  pressure 
engines.  It  is  claimed  that  the  scale  got  into  the  boilers  with  the 
water  evaporated  during  the  nights  when  the  low  pressure,  twenty-two 
pounds,  was  not  high  enough  to  separate  the  lime  from  the  water. 
But  as  we  could  not  change  our  arrangement  the  purifier  did  not  do  us 
any  good. 

When  scale  has  formed  in  the  boilers  the  question  is;  how  best  and 
easiest  to  remove  it. 

If  boiler-compounds  are  used  they  must  not  act  so  fiercely  that  the 
scale   comes    off   in    large    patches    which  fall  down    and    accumulate 
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generally  in  the  places  exposed  to  the  hottest  fire,  and  cause 
trouble.  I  have  seen  a  nice  boiler  burned  in  a  few  hours;  a  large 
depression  over  the  fire  was  caused  by  a  few  pails  full  of  scale  having 
settled  over  the  fire  sheet.  The  boiler  had  been  dosed  with  some 
highly  recommended  compound. 

That  accident  settled  the  compound. 

The  compounds,  which  dissolve  the  scale  and  make  the  water 
appear  muddy,  and  which  do  not  loosen  the  scale  in  big  flakes,  and 
which  do  not  hurt  the  metal — may  be  considered  the  right  kind  to  be 
used — but  which  are  they?     What  is  in  the  compound/ 

There  are  many  ingredients  in  them;  the  agents  and  the  patentees 
will  not  tell,  but  all  claim  that  there  is  no  acid  in  the  compound  that 
will  hurt  the  boiler,  and  also  they  state,  that  the  same  compound  will 
not  soften  any  or  all  scales.  Decoctions  of  woods,  gums  or  vegetables 
are  recommended  and  used;  the  only  thing  is  to  try  carefully  any  or 
all  compounds  and  note  the  effect. 

If  an  accurate  analysis  of  the  feed  water  could  be  had  it  may  point 
out    what  ingredients  there  ought  to  be  in  the  compound. 

The  question  of    purification  of  feed  water   for   steam-boilers,  is  not 
yet  solved;  it  should  require  great    attention    by  chemists  to  find  some 
universal  remedy.   Failing  in  that  we  may  look  to  some  other  quarter- 
electricity. 

This  power  is  brought  into  requisition  to  scjlve  hard  problems;  why 
should  there  not  be  some  method  either  to  purify  the  feed  water — or 
to  keep  the  scale  from  forming  in  the  boiler  by  the  use  of  electrical 
currents? 

The  Secrktarv:  It  will  be  observed  in  the  paper  just 
read  that  the  author  refers  to  the  use  of  electricity,  and  as 
Mr.  Bull,  of  Quincy  111.,  who  is  present,  has  been  using 
electricity  for  the  prevention  of  scale  in  boilers.  I  would 
suggest  that  he  be  requested  to  give  us  the  results  of  his 
experience  in  that  direction. 

Mr.  Bull: — The  device  that  Mr.  Decker  has  reference  to 
may  not  properly  be  called  an  electric  device.  The  opera- 
tion is  that  of  magnetism  rather  than  electric  current.  The 
apparatus  is  quite  a  simple  one.  It  consists  real!}'  in  making 
a  boiler  or  battery  of  boilers  .the  armature  or  keeper  of  an 
electro  horse-shoe  magnet.  I  have  one  core  of  an  electro 
magnet  inserted  in  the  steam  dome  of  one  boiler  the  other 
in  the  mud  drum.  The  two  cores  are  connected  by  an  iron 
yoke  as  in  the  case  of  any  electro  magnet,  and  the  magnet  is 
excited  or  operated  by  a  current  from  a  small  dynamo  run 
by  a  water  motor.  I  have  had  that  apparatus  on  a 
battery  of  two  boilers  for  two  years  and  a  half.  Previous  to 
its  use  we  were  greatly  troubled  by  the  formation  of  scale, 
but  since  I  have  had  it  in  use  our  boilers  have  been  as  clean 
as  the  back  of  my  hand.  I  had  no  thought  of  speaking  to 
you  about  this  matter  but  the  concluding  paragraph  of  Mr. 
Gerecke's  paper   suggested  it,   I   presume,  to  Mr.  Decker  who 
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has,  I  believe,  seen  it  in  operation,  and  I  take  pleasure  in 
describing  it  to  you  thus  briefly,  if  indeed  it  is  of  any  interest 
to  you. 

Prof.  Johnson:  —May  I  ask  what  the  theory  of  this  device 
is,  or  is  there  an}-  formulated  theory  of  it? 

Mr.  Bull: — My  theory — and  I  may  say  I  subsequently 
submitted  the  theory  to  Prof.  Elisha  Gray,  supposed  by  some 
to  be  the  real  inventor  of  the  telephone,  at  all  events  a 
prominent  electrician — is  that  by  rapidly  interrupting  the 
current  which  excites  this  horse  shoe  magnet  the  shell  of  the 
boiler  and  the  flues  are  thrown  into  a  sort  of  tremor  or 
quiver — a  vibration.  These  terms  are  rather  gross  to  apply 
to  the  actual  operation;  but  being  polarized  and  depolarized 
many  thousand  times  perhaps  in  a  second,  the  operation  is 
absolutely  one  of  infinitely  fine  and  delicate  vibration  which 
prevents  the  deposition  of  particles  of  mineral  matter  just 
as  a  grain  of  sand  on  the  vibrating  head  of  a  drum  has 
difficulty  in  finding  lodgment  or  rest.  I  don't  pretend  to  be 
able  to  defend  that  theory  as  I  have  no  reputation  as  an 
electrician  that  justifies  me  in  even  advancing  the  theory. 
1  simply  say  that  Prof.  Gray  endorses  it  as  probable. 

A  Member: — Where  does  the  scale  deposit  itself? 

Mr.  Bull: — The  scale  does  not  deposit  itself.  There  is 
no  scale  worth  mentioning.  The  boilers  are  substantially 
clean.  I  take  it  that  what  would  deposit  as  scales  passes 
into  the  mud  drum  and  passes  off  as  mud  would  be  passed. 

A  Member: — You  feed  into  the  mud  drum? 

Mr.  Bull: — Yes. 

A  Member: — Is  the  water  clean? 

Mr.  Bull: — The  water  is  usually  moderately  clear. 
Though,  the  river  is  turbid  at  certain  seasons  of  the  year  for 
a  short  time,  but  our  storage  capacity  is  such  that  we  are  not 
obliged  to  pump  at  such  periods  and  we  do  not  undertake  to 
pump  anything  but  reasonably  clear  water.  But  it  is  true 
that  most  steam  users  are  using  one  device  or  another  to  rid 
themselves  of  scales.  I  suppose  it  took  about  an  hour  to 
put  the  thing  on.  and  it  has  been  there  for  two  years  and  the 
boilers  are  clean. 

The  President: — Is  it  a  patented  device? 

Mr.  Bull: — I  did  patent  it  but  never  offered  it  for  sale. 
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Mr.  Russell: — I  would  like  to  ask  if  there  is  any  steel  in 
this  boiler  or  would  it  aftect  the  problem  at  all? 

Mr.  Bull: — No,  sir;  they  are  iron  boilers.  I  should  not 
think  the  operation  of  the  device  on  soft  steel  boilers  would 
be  otherwise  than  on  boilers  of  soft  iron  except  that  the  soft 
steel  would  not  become  permanently  magnetized.  It  may 
interest  the  gentlemen  to  know  that  during  the  operation 
the  entire  battery  is  distinctly  polarized  so  that  any  simple 
test  with  a  compass  underneath  shows  plainly  that  the  whole 
battery  is  obviously  polarized;  it  is  a  guarantee. 

Mr.  Caldwell: — I  would  like  to  ask  Mr.  Bull  if  from  his 
experience  he  thinks  the  same  apparatus  would  be  applicable 
to  all  waters  and  boilers? 

Mr.  Bull:  — I  should  hardly  like  to  venture  an  opinion  on 
that,  because  my  experience  has  been  confined  to  my  own 
boilers,  and  the  opinion  of  any  gentleman  present  would  be 
as  valuable  on  that  point  as  mine. 

The  President:  -Could  that  be  operated  with  the  ordi- 
nary electric  lighting  apparatus? 

Mr.  Bull: — Yes,  it  could  be  operated  with  any  current  of 
moderate  strength.  I  happened  to  have  a  little  motor  and  a 
small  dynamo  which  was  built  for  the  purpose,  in  my  engine 
room,    and  I -operated  it  by  water  power. 

Mr.  Decker: — About  what  is  the  approximate  cost  of  such 
an  arrangement? 

Mr.  Bull: — To  get  it  up?  I  think  I  paid  S25  for  the 
dynamo  which  furnishes  the  power,  but  that  was  before  the 
general  introduction  of  commercial  electricity,  you  may  say. 
Ordinarily  in  cities  where  there  are  electric  light  plants  and 
incandescent  plants  especially,  a  wire  could  be  introduced  into 
a  boiler  house  without  the  purchase  of  a  dynamo  being 
necessary.  The  balance  of  the  apparatus,  I  suppose  might 
be  gotten  up  at  any  machine  shop  by  any  body  who  knew 
how  to  wind  an  electric  magnet,  for  five  or  six  dollars — three 
or  four  hours  of  machine  work  upon  it  perhaps  and  a  little 
copper   wire. 

A  Member: — Do  you  use  a  water  motor  for  driving  the 
dynamo? 

Mr.  Bull: — I  do,  because  it  was  convenient.  We  have  no 
shafting  in  the  pumping  station  and  it  is  the  only  method  I 
have  got. 


115 

The  President: — Do  you  think  it  can  be  used  without 
detriment  to  the  life  of  the  boiler? 

Mr.  Bull: — I  have  no  reason  to  suspect  that  the  boilers 
are  impaired  by  its  use.  In  fact  I  should  think  since  the 
shell  and  tubes  are  kept  perfectly  clean  it  would  promote 
the  length  of  life  more  than  possibly  something  corrosive.  I 
have  been  using  it  for  three  years.  My  boilers  are  regularly 
inspected  and  pass  the  inspection  in  good  shape. 

Mr.  Decker: — I  understand  then  that  a  simple  ordinary 
incandesent  lighting  wire  would  answer  the  same  purpose. 

Mr.  Bull: — Yes,  of  course,  the  electrician  knowing  what 
current  he  was  going  to  use. 

Mr.  Decker: — Your  motor  is  an  ordinary  sewing  machine 
motor? 

Mr.  Bull: — Yes,  I  take  it  to  be  a  sewing  machine  motor — 
a  little  bit  of  motor. 

Mr.  Linneen: — This  appears  to  me  to  be  the  most  im- 
portant subject  that  has  come  before  the  convention,  and  if 
it  is  in  order  I  would  like  to  offer  a  resolution  looking  to  the 
appointment  of  a  committee  to  investigate  it. 

The  President: — It  would  be  in  order. 

Mr.  Linneen: — Then  I  move  that  the  Chair  appoint  a 
committee  of  three  to  investigate  the  merits  of  this  device 
and  to  report  to  the  next  meeting  of  this  Association.  I 
make  this  motion  because,  as  I  have  said,  in  my  opinion  this 
is  the  most  important  subject  that  has  come  before  this  As- 
sociation since  its  organization.  If  the  scales  can  be  elimi- 
nated from  boilers  and  from  the  feed  water  of  boilers  by  a 
device  of  the  sort  spoken  of.  it  will  certainly  prove  a  very 
important  matter. 

The  motion  was  put  and  carried  unamiousl\ ,  and  the 
C'hair  announced  that  the  Committee  would  be  appointed 
later  in  the  day. 

Mr.  Bull: — As  this  matter  seems  to  be  e.xciting  a  good 
deal  more  interest  than  I  had  any  idea  that  it  possibly 
could  I  wish  to  say  another  word  here.  I  do  not  wish  to  pose 
before  this  Convention  as  a  distinguished  inventor  or  dis- 
cover who  has  brought  something  new  to  the  notice  of  man- 
kind.    The  principle  involved    is  not  my  own  invention  nor 
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idea.  I  simply  improved  in  my  device  upon  an  apparatus 
which  was  brought  to  my  notice  by  a  citizen  of  my  own  place 
— an  apparatus  which  purported  to  employ  this  principle  of 
magnetism  to  accomplish,  say,  this  same  purpose,  but  which 
was  applied  in  such  an  imperfect  manner,  namely,  on  the  in- 
side of  the  boiler  by  means  of  a  device  which  was  immersed 
in  the  hot  water  and  steam,  and  which  sat  upon  the  tubes, 
and  which  was  thereby  rendered  of  very  brief  duration. 
After  observing  the  successful  operation  of  this  device,  while 
it  continued  to  work  at  all---while  it  was  in  working  order 
which  was  perhaps  a  week  or  two — it  seems  to  me,  the 
principle,  being  a  correct  and  efficient  one,  might  be  applied 
in  such  a  way  to  the  boiler  that  the  device  might  be  success- 
fully and  easily  applied.  That  is  all  I  have  done  in  connec- 
tion with  it,  and  the  making  of  a  little  machine  which  ac- 
complished the  purposed  and  preserve  its  original  integrity. 
That  much  I  have  done,  but  I  wish  to  distinctly  disclaim 
that  I  am  the  inventor  or  discoverer  of  the  principle. 

Mr  Decker: — Do  you  find  it  necessary  to  keep  this  irf 
operation  all  the  time? 

Mr.  Bull.- — No,  sir,  I  do  not.  It  operates  perhaps  half 
the  time  that  the  boiler  is  in  operation.  Some  times  I  notice 
it  in  operation  and  sometimes  I  see  that  it  is  not.  And  I 
will  state  further — you  may  be  interested  in  knowing  this — 
it  does  not  embrace  the  mass  of  the  battery  of  both  boilers 
between  the  poles;  it  is  applied  simply  upon  one  boiler:  it 
includes  between  the  poles  and  in  the  magnetic  field  simply 
one  boiler.  The  boiler  which  sits  next  to  the  one  at  which  it 
is  applied  is  connected,  of  course,  with  the  usual  steam  and 
water  connections,  but  the  application  of  this  magnetic  prin- 
ciple is  made  simply  to  one  of  the  battery  of  two  boilers  and 
yet  both  boilers  are  frequently  affected  equally.  There  is  no 
conspicuous  difference  in  the  operation  of  the  appliance; 
they  both  share  the  benefit,  although  the  apparatus  is  applied 
directly  to  but  one  and  the  other  has  simply  the  usual  steam 
and  water  connections. 

Mr.  Hermany  introduced  to  the  Conveniion  Mr.  Charles 
R.  Long,  President  of  the  Louisville  Water  Company,  who 
briefly  welcomed  the  Association  in  the  name  of  his 
Company. 

The  President  replied  in  behalf  of  the  .Association. 

The   Secretary    presented   to   the  .Association  the  report  of 
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the    Committee  appointed    to  draft  resolutions  in   regard  to 
the  death  of  Mr.  Harvey  F.  Gaskell  as  follows: 

Whereas.  In  the  order  of  Nature  our  friend  and  associate.  Mb. 
Haevey  F.  Gaskell,  Vice  President  and  Engineer  of  the  Holly  Manu- 
facturing Co.,  has  been  taken  from  us  in  our  mundane  activities 
through  death,  our  common  transition  and  heritage;  therefore, 

Resulvech  That  in  this  seemingly  untimely  dispensation  of  Provi- 
dence, the  Engineering  profession,  the  the  American  Mechanical- 
Industrial  Enterprises,  and  this  Association  have  sustained  a  great 
loss,  being  thereby  deprived  of  the  full  fruitage  of  a  growing  man 
possessed  ot  the  rarest  endowments  and  highest  attainments  in  his 
chosen  profession;  who.  had  he  remained  with  us  longer,  would  have 
done  mere  than  simply  filled  his  place  in  the  front  ranks  of  Inventors 
and  Constructors. 

Resolved,  That  in  the  brief  business  career  and  shining  example  of 
the  deceased,  we  have  a  heritage,  wliich.  in  blessings,  is  second  only  to 
his  modest  and  incessant  industry  and  great  foresight  in  devising 
means  for  the  betterment  of  our  condition  while  among  us,  and  which 
we  cannot  too  highly  prize. 

Resolved,  That  we  extend  to  the  family  of  the  deceased  our  sympathy 
in  their  great   bereavement. 

Resolved,  That  this  tribute  of  our  esteem  for  the  grand  character  of 
the  deceased  he  spread  upon  the  records  of  this  body.  And  that  en- 
grossed copy  be  transmitted  to  his  family. 

Chakles  Hebmany. 

A.  N.  Denman. 

B.  F.  Jones. 

Committee. 

Mr.  Linneen  moved  the  adoption  of  the  resolutions  and 
said:  It  seems  to  me  proper  that  I,  who  have  been  associ- 
ated with  the  deceased  for  many  years  in  the  various  fields 
in  which  he  had  labored,  should  make  a  few  remarks  expres- 
sive of  sentiments  proper- in  moving  the  adoption  of  these 
resolutions.  By  the  death  of  Mr.  Gaskell,  the  profession  of 
Engineering  has  lost  a  shining  light.  His  was  an  active 
mind,  a  mind  given  to  inventions,  and  while  he  has  not  met 
with  this  Association  in  their  deliberations  in  the  past,  still 
the  public  reports  that  have  emanated  from  the  Association 
from  time  to  time  had  been  his  study  and  pride.  He  read 
them  with  great  care  and  attention,  and  discussed  the  merits 
of  the  papers  that  appeared  with  myself  and  others  at  various 
times.  He  took  a  great  pride  in  this  Association  and  looked 
forward  to  the  future  confident  that  entire  success  would 
crown  the  efforts  of  the  enterprise  in  which  it  has  embarked. 
The  death  of  Mr.  Gaskell  was  not  only  a  local  loss,  and  a 
loss  to  the  Company  he  so  ably  represented,  but  I  affirm  that 
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it  was  a  loss  to  the  American  people.  He  had  risen  to  that 
point  in  his  profession  where  mechanics  and  their  appliances 
were  fully  within  his  grasp,  and  it  is  the  universal  judgment 
of  those  who  knew  him  well  that  if  he  had  been  spared  for 
ten  or  fifteen  years  longer  it  is  problematical  as  to  the  degree 
of  perfection  he  would  have  brought  Mechanical  Engineering 
to.  Mr.  Gaskell  had  one  characteristic  that  showed  itself 
all  through  his  life,  which  I  think  commends  itself  to  all 
thinking  people,  and  that  was,  that  he  rarely  followed  in  the 
tracks  of  others.  I  mean  he  never  availed  himself  in  any 
of  his  designs  of  the  work  of  the  brains  and  fertility  of 
competitors.'  He  was  essentially  a  leader  in  his  profession. 
Notwithstanding  the  patents  of  one  of  the  standard  engines 
of  this  country  had  expired  some  vears  before,  when  he  was 
in  the  field  struggling  for  a  competence  in  liis  jjrofession,  he 
boldly  launched  out  on  a  chosen  path  of  his  own,  and  never 
once  availed  himself  of  the  advantages  that  perha]:>s  he  might 
have  secured  by  taking  possession  of  these  expired  patents. 
He  was  original  in  his  designs,  and  those  who  are  conversant 
with  the  products  of  his  L:)rain  will  bear  me  out  in  saying 
that  all  of  his  productions  and  all  of  his  inventions  have 
worked  successfully  from  the  start.  Personally  i  feel  a  great 
loss  in  the  sudden  taking  off  of  my  friend,  Harvey  Gaskell 
but  my  private  considerations  must  sink  into  insignificance 
when  I  reflect  that  in  his  death  there  was  sustained  a  loss 
which  I  claim  is  national.  I  feel  very  grateful  to  this 
Association  that  they  have  seen  fit  to  take  this  appropriate 
notice  of  his  death  and  I  shall  carry  with  pride  to  his  be- 
reaved family  the  kindly  expressions  included  in  these 
resolutions. 

Mr.  Herm.wv: — Mr.  Chairman,  I  desire  to  add  one 
word.  I  fully  concur  in  what  has  been  said  regarding  the 
character  of  Mr.  Gaskell,  and  while  I  met  the  gentleman  but 
twice  and  did  not  know  him  very  intimately,  I  think  it  proper 
to  call  the  attention  of  this  convention  to  the  fact  that  Mr. 
Gaskell  brought  the  horizontal  pumping  engine  to  a  degree  of 
perfection  which  has  not  been  attained  by  any  other  make  of 
horizontal  pumping  engines.  That,  it  seems  to  me,  is  one  of 
the  crowning  glories  of  his  brief  business  career.  In  the 
next  place  he  had  been  engaged  during  the  last  two  or  three 
years  of  his  life  in  perfecting  or  in  contriving  a  vertical 
pumping  engine,  which  has  unquestionably  great  merits  and 
promises  to  be  a  great  success.  It  is  to  be  hoped  for  the 
benefit  of  the  profession  in  the  country  at  large,  that  before 
his  death  he  had  so  far  perfected  the  design  and"  the  details 
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thereof  as  will  realize  the  fruits  of  his  labors,  in  a  per- 
fected vertical  pumping  engine  that  shall  have  merits  as 
great  as  that  of  the  horizontal  engine  which  he  did  live  long 
enough  to  perfect.  I  wish  also  to  say  that  this  example  and 
career  are  such,  as  to  command  my  greatest — my  unbounded 
admiration.  Mr.  Gaskell  was  an  exceedingly  modest,  retir- 
ing and  unobtrusive  gentleman,  a  character  which  to  an 
ordinary  observer  seemed  almost  incompatible  with  the  great 
force  that  he  exhibited  in  certain  lines  of  mechanical  contri- 
vances, improvements  and  inventions.  In  his  untimely  death 
we  have  sustained  an  irreparable  loss,  and  one  of  my  deepest 
regrets  is  that  I  did  not  have  opportunity  to  know  him  better. 
It  gives  me  a  mournful  pleasure  therefore  to  give  this  public 
testimony  of  my  great  appreciation  of  that  modest  and  de- 
serving gentleman,  Harvev  F.  Gaskell,  a  man  who  started 
from  the  humble  station  of  a  country  boy,  coming  to  the  city 
of  Lockport.  and  as  a  boy  intruded  his  presence  into  the 
works  of  the  Holly  Manufacturing  Comyany  at  the  hazard 
of  being  ordered  out,  impelled  to  go  there  by  his  love  of 
mechanics  and  mechanical  constructions;  who  afterwards  at- 
tained in  that  City,  not  a  liberal  education,  but  a  good  aca- 
demic education;  obtained  eniploymentin  that  great  enterprise 
of  which  you  are  fully  informed,  and  by  degrees  rose  step 
after  step  to  the  important  and  next  to  the  most  prominent 
position  in  the  conduct  of  the  affairs  of  that  Company.  His 
was  a  career  that  is  to  be  envied  by  any  young  man  of  rarer 
and  better  opportunities  than  Mr.  Gaskell  had,  and  worthy 
of  emulation  by  all  of  the  profession. 

The  Prksiornt: — Permit  me  to  add  that  the  life  of  Mr. 
Gaskell  was  an  inspiration  to  mechanics  every  where,  that 
he  is  entitled  to  the  gratitude  of  all  communities  and  people 
who  live  by  means  of  force  pumping.  He  was  the  peer  of 
Fulton  and  Stevenson  and  Ericson.  I  will  ask  you  now,  in 
taking  the  vote  on  these  resolutions,  to  remain  standing  until 
the  fall  of  the  gavel. 

The  resolutions  were  adopted  unamiously  by  a  standing 
vote  of  the  Association. 

Adjourned. 
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AFTK.kNOON   SESSION. 


The  President  after  calling  the  meeting  to  order  presented 
to  the  Committee  a  letter  from  Prof.  A.  R.  Leeds,  enclosing 
his  paper  on  "The  Hardness  of  Water,"  and  regreting  his  in- 
ability to  be  present  to  read  it. 

Mr.  Darling  moved  that  the  paper  be  published  in  the  re- 
port of  the  proceedings  as  though  Prof.  Leeds  had  read  it  be- 
fore the  Association. 

The  motion  was  unanimously  carried. 


THE   HARDNESS  OF  WATERS. 


The  great  majority  of  natural  waters  form  scale  when  used  for  feed 
for  boilers.  Those  that  are  soft,  that  is.  those  that  contain  so  little 
lime  and  magnesia  that  they  do  not  precipitate  the  fat  acids  of  soap, 
usually  form  no  more  scale  than  is  gotten  rid  of  in  blowing  off  at 
proper  intervals.  Sometimes,  however,  by  mere  concentration  of  the 
mineral  constituents,  very  soft  water  may  give  scale.  For  instance, 
the  waters  of  the  Hackensack  River,  which  is  supplied  from  a  drainage 
area  of  alluvial  land  where  limestone  rocks  do  not  occur,  are  very  soft. 
They  contained  on  the  3rd  of  May,  and  1st  of  April  of  the  present  year: 
May  3rd.  April  1st. 

Total    Solids  3.09  3.67  grains    per    gallon. 

Mineral  Matters  2.10  2.80       " 

Hardness  1.34  1.8         " 

Alkalinity  1.9  2.5         "  "  " 

Common  Salt  0.22  0.26       ■• 

But  a  vertical  boiler  which  has  a  large  number  of  short  narrow 
tubes  projecting  radially,  and  exposes  a  large  heating  surface  with 
slow  circulation  of  the  water  therein,  after  running  for  six  weeks  upon 
the  above  water,  exhibited  considerable  scale.  At  the  end  of  this 
interval,  the  water  taken  from  the  boiler  had  the  following  composi- 
tion • 

Total  Solids 100.02  grains  per  gallon 

Mineral  Matters 83.93       " 

Total    Hardness 15.5         "         "         " 

Permanent  Hardness 13.75       "         "         " 

Temporary  Hardness 1.75       "         "         " 

By  the  concentration  of  the  very  small  amount  of  gypsum,  the  boiler 
water  had  finally  reached  a  point  at  which  scale  was  deposited  in 
a  boiler  of  this  particular  pattern. 

The  tendency  of  opinion  and  practice  is  against  the  use  of  the  secret 
compositions  which  are    offered    to    prevent    boiler  incrustation,  and 
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towards  the  removal  of  the  hardening  constituents  from  the  water 
before  it  is  introduced  into  the  boiler.  This  tendency  is  exhibited  in 
a  report  made  by  the  Associated  Boiler  Inspection  r'ompanies  of 
Germany,  and  quoted  in  the  "Engineer"  of  Movember  5th.  1886, 
where  it  is  stated  that  the  Association,  after  having  chemical  analyses 
made  of  all  these  secret  compositions,  recommended,  that  none  of  them 
should  be  used. 

To  remove  the  s^ale  forming  constituents  from  water,  there  are  only 
three  substances  which  are  cheap  enough  and  effic.icious  enough  to  admit 
of  their  general  use.  They  are  caustic  lime,  caustic  Soda  and  ."^oda  Ash. 
The  innumerable  other  substances  which  have  been  proposed,  and  from 
time  to  time  used,  are  either  no  better,  or  if  better,  are  too  costly.  For 
example,  Yrisodium  pho^^phate  does  not  give  better  results  than  Soda 
Ash  and  is  more  expensive.  Baryta  and  the  soluble  fluorides  are  good 
precipitants  in  certain  cases,  but  their  cost  is   prohibitory. 

Very  fortunately  that  portion  of  the  hardness  which  is  temporary,  that 
is  removable  by  mere  boiling,  can  be  entirely  done  away  with  by  the 
addition  of  caustic  lime.  If  a  particular  water  is  afifected  by  tempor- 
ary hardness  only,  that  hardness  may  amount  to  a  high  figure,  and  yet 
be  cured  by  lime  at  small  cost.  Even  if  water  has,  as  is  usually  the 
case,  some  permanent  hardness  also  the  great  gain  at  ?mall  cost  of 
removing  the  temporary  hardness  is  such,  that  this  part  of  the  soften- 
ing may  be  advantageously  carried  out,  while  the  permanent  hardness 
is  allowed  to  remain.  For  instance,  the  water  of  a  large  city  in  the 
West  has  a  permanent  hardness  of  '2.{)1  grains  and  a  temporary  hard- 
ness of  4.68  grains.  By  the  addition  of  three  grains  of  lime  to  the 
gallon,  the  temporary  is  removed,  or  in  other  words,  much  more  than 
half  of  the  scale  forming  constituents.  Moreover  the  addition  of  lime 
does  not  affect  the  taete  of  the  water,  since  if  added  properly  the 
added  lime  is  removed  along  with  the  temporary  hardness  and  the 
softened  water  is  rendered  more  suitable  both  for  drinking  and  boiler 
use. 

But  the  permanent  hardness  is  due  principally  to  the  presence  of 
sulphates,  such  as  gypsum,  which  are  most  economically  treated  by  the 
addition  of  soda,  and  the  resulting  sulphate  of  soda  remains  behind  in 
the  softened  water  and  affects  its  taste.  For  example,  the  water  of 
another  we.stern  city  has  a  total  hardness  of  7.76  grains,  of  which  1.86 
are  permanent  and  5.7  grains  are  temporary.  By  adding  a  little  more 
lime  per  gallon  than  in  the  preceding  instance,  the  temporary  hard- 
ness is  removed.  By  adding  with  the  lime  the  requisite  small  amount 
of  soda,  the  permanent  is  also  destroyed,  the  final  total  hardness  being 
only  1.7  grains.  For  the  reasons  above  given,  however,  it  is  better  to 
use  lime  only  for  the  general  town  supply. 

As  an  illustration  of  the  application  of  this  method.  I  append  the 
analysis  of  the  water  of  Champaign  III.,  as  I  found  its  composition  to 
be  in  the  month  of  April,  1887. 

Free   Ammonia 0.07     grains  per  gallon 

Albuminoid  Ammonia 0.015  "  "         " 

Oxygen    required   to    oxidize  or- 
ganic matters 0.297  "  '•         " 

Chlorine 0.204  '•  "         " 

Nitrous  Acid Trace. 

Nitric  Acid 0.036 

Total  Hardiness -  •  .11.08  "  "         " 

Permanent  Hardness 7.28  "  "         " 

Temporary  Hardness 3.80  "  "         "' 

Total  Solids 23.91  "  " 
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Mineral  Matters 22.62  

Disolved  Oxygen  per  liter   1.13  Cubic  centimeters. 

"           Carbonic  Acid 2.27  "                " 

•'  Nitrogen.... 15.00 

This  Water  was  taken  from  a  pond  with  a  limestone  bottom  and  was 
highly  calcareous.  On  storage  in  an  elevated  reservoir  its  taste  and 
smell  became  very  unpleasant  from  the  development  and  decay  of 
aquatic  vegetation.  The  large  amount  of  dissolved  carbonic  acid  was 
due  principally  to  this  vegetable  growth,  and  so  likewise  was  tht  very 
small  amount  of  dissolved  oxygen.  An  ordinary  river  water  during 
the  cooler  season  of  the  year  has  only  0.5  to  2  cubic  centimeters  of 
dissolved  carbonic  acid  per  liter  and  5  to  7  cubic  centimeters  of  oxygen. 
On  adding  2  grains  of  lime  to  the  gallon,  this  excess  of  carbonic  acid 
was  thrown  down,  along  with  the  lime  previously  existing  in  solution, 
in  the  state  of  carbonate,  and  the  temporary  hardness  eliminated.  To 
supply  the  deficiency  of  oxygen,  I  propose  that  the  same  plan  should 
be  adopted  as  previous  experience  had  shown  to  be  successful  in 
Brooklyn.  Philadelphia,  and  Hoboken.  and  that  the  water  should  be 
artiticially  charged  with  atmos[)heric oxygen.  The  aerated  and  filtered 
water  was  found  to  have  gained  its  proper  percentage  of  oxygen,  to 
have  lost  its  undue  excess  of  carbonic  acid,  to  be  softened,  and  to  have 
acquired  a  sweet  and  pleasant  taste. 

It  sometimes  occurs  that  water  has  so  large  an  excess  of  scale  form- 
ing constituents,  that  the  cost  of  the  recjuired  chemicals,  even  though 
only  soda  and  lime  are  employed,  is  prohibitory.  To  illustrate,  I  give 
below  the  analysis  of  two  neighboring  wells  in  Florida: 

A.  B. 

Free  Ammonia 0.007  Nc  ne 

A Ibuminoid  Ammonia None  0.0105 

Re(|uired  Oxygen O.OU  0.45 

Nitrous  Acid None  None 

Nitric   Acid 0.024  0.033 

Sodium  Chloride 18,87  /  .  „„  „„ 

Potasium   Chloride.... 3.91  \  '*''•"' 

Magnesium      "         l.Ofi  16.82 

Calcium  Sulphate 11.52  36.44 

Carbonate 17.10 

Magnesium    Carbonate 8.40  16.80 

Silica 0.62  3.44 

Alumina     and  Oxide  of  Iron 0.46  1.80 

Dissolved    Oxygen  per  liter ..  .^ 0.86  0.61     c.  c. 

Carbonic  Acid    4.04  2.20     "    " 

Nitrogen 12.14  10.80     "    " 

The  water  "'A"  was  softened  and  rendered  suitable  for  use  in  boilers, 
but  not  for  drinking.  "B"  could  not  be  rendered  either  soft  or  por- 
table, its  percentage  of  salt  being  so  great  that  it  curdled  soap  at  once 
and  its  hardness  could  not  be  estimated  by  the  usual  tests. 

Very  little  attention  is  ordinarily  paid  to  the  reaction  of  water;  that 
is.  a  to  whether  they  are  acid,  neutral  or  alkaline.  This  is  unfor- 
tunate, inasmuch  as  their  reaction  has  an  important  bearing  upon 
their  chemical  composition,  and  upon  their  fitness  for  technical  use. 
An  absolutely  neutral  natural  water  is  very  rarely  met  with.  Almost 
always,  natural  waters  are  more  or  less  alkaline,  a  reaction  mainly  due 
to  dissolved  carbonate  of  lime  and  carbonate  of  magnesia.  But  if 
estimated  in  terms  of  carbonate  of  lime,  the  alkalinity  ordinarily 
exceeds  the  amount  of  carbonate  of  lime  as  found  by  the  empirical  soap 


test,  which  is  employed  iu  the  estimation  of  the  temporary  hardness. 
Usually  the  alkalinity  is  not  sufficient  to  be  detected  by  the  sense  of 
taste.  When  the  excess  of  alkaline  salts  is  great  enough  to  affect  the 
taste,  it  may  be  neutralized  by  the  addition  of  a  graduated  amount  of 
acid,  preferably  hydrochloric,  the  resulting  sodium  chloride  and  other 
salts  being  neutral  and  harmless.  It  is  a  noteworthy  fact  that  this  ex- 
cess of  alkali,  may  coexist  in  a  natural  water  with  a  considerable  perma- 
nent hardness.  One  of  the  most  striking  instances  of  this  anomalous 
condition  is  in  connection  with  a  sample  of  water  sent  from  Cali- 
fornia, which  has  the  ft)llowing  composition: 

Free  Ammonia    0.0043    grains  per  galhm. 

Albuminoid  Ammonia 0.0041  "         " 

Required  Oxygen 0.011 

Nitrous  Acid 0.00011        

Nitric   Acid 0.0297  

Chlorine l.tSS 

Total    Hardness 8.  It!  ••         •• 

Permanent  Hardness .7.1 

Temporary  " 1.06 

Alkalinity 11.95  

Total  Solids 25.90 

Mineral    Matters 23.4  

Organic  and  Volatile  matters  .  .    2.5 

Dissolved  Oxygen  per  liter  ...  .    6.73         cubic  centimeters 

"  Carbonic  Acid 2.44 

"  Nitrogen  per  liter..  14. 00  ••  •• 

High  as  this  alkalinity  is.  and  much  as  it  exceeds  both  temporary 
and  permanent  hardness,  it  is  nevertheless  in  this  instance  less  than 
the  amount  of  mineral  matters.  Waters,  however,  occur  is  which,  if 
the  alkaline  reaction  be  estimated  in  terms  of  carbonate  of  lime,  it  is 
nearly  eq^ual  to,  or  greater  that  the  dissolved  mineral  matters.  The 
water  which  was  originally  black,  after  filtering  had  a  color  of  1.4°,  or 
in  other  words  was  yellowish-brown.  Its  composition  after  filtering, 
but  before  softening,  was: 

Free    Ammonia 0.0256  grains  per  gallon. 

Albuminoid  Ammonia 0.035         " 

Required  Oxygen 1.47  " 

Total  Hardness 9.68  "         "         " 

Alkalinity 12.88  "         " 

Mineral   Matters 14.10 

Organic  Matters 4.08 

On  softening  this  water,  the  percipitated  lime  salts  carries  down  with 
them  that  portion  of  the  organic  matter  which  gave  the  dark  yellow 
color,  and  the  water  after  filtering  was  both  soft  and  colorless.  The 
oxygen  required  to  oxidize  the  organic  matter  which  remained  in  the 
filtered  water  after  softening,  was  1.2  grains  per  gallon  as  against  1.47 
grains  required  prior  to  softening.  These  results  were  obtained  in  my 
own  laboratory  by  an  experimental  plant  operated  by  the  processes 
which  I  have  described  in  the  transactions  of  the  New  York  Academy 
of  Sciences  for  1886,  and  which  have  since  come  into  general  use  for 
the  purification  of  water  supplies. 

In  this  Oskaloosa- water  the  alkalinity  estimated  in  terms  of  carbon- 
ate of  lime,  is  12.38  grains  per  gallon  as  against  14. 10 grains  of  mineral 
matters.  In  the  following  instance  which  is  of  the  water  of  the  Little 
Lehigh  River  at  AUentown,  Pennsylvania,  the  alkalinity  estimated  as 
calcium  carbonate,  actually  exceeds  the  mineral  matters: 


124 

Temporary  Hardness -1.42  grains  per  gallon. 

Permanent  '•         2.15        "         "         " 

Alkalinity 6.70        "         " 

Mineral  Matters 6.53        " 

Organic  and  Volatile  matter;; 1.75        

On  account  of  this  excess,  the  above  water  was  rejected  as  unsuitable 
for  employment  in  a  fine  technical  purpose  where  a  neutral  water  was 
required.  While  the  excess  could  have  been  cured  by  artificial  means, 
yet  it  was  deemed  wiser  to  select  a  water  in  which  this  peculiar  diflB- 
culty  had  not  to  be  contended  with.  It  is  worthy  of  remark,  that  even 
with  a  strong  alkaline  reaction,  this  water  contained  in  solution  a 
minute  amount  of  iron.  Now  pure  water  prepared  by  distillation  can- 
not contain  iron  and  at  the  same  time  have  an  alkaline  reaction,  and 
the  reason  why  the  natural  waters  differ  in  this  respect  is  to  be  found 
in  their  dissolved  organic  matters  which  hold  up  in  solution  the  iron 
that  would  otherwise  be  precipitated  by  the  alkali. 

When  the  water  is  neutral  and  has  at  the  same  time  much  dissolved 
peaty  and  other  vegetable  matters  (conditions  not  unusual  in  soft 
surface  waters)  its  amount  of  dissolved  iron  may  be  considerable. 
Still  more  iron  will  be  found  in  acid  waters,  the  iron  then  being  in 
some  cases,  the  most  important  constituent. 

The  free  acid  not  only  renders  the  water  hard,  but  enables  it  to 
corrode  boilers.  Such  acid  hard  waters  are  characteristic  of  coal 
mining  regions,  the  acid  being  derived  from  oxidation  of  pyrites.  As 
a  typical  instance  I  might  mention  the  composition  of  a  stream 
entering  into  the  Lackawanna  River  at  Scranton,  Pennsylvania.  Its 
taste  is  strongly  acid,  and  it  is  yellow  and  turbid  from  Iron.  It 
contained  (April  21st,  1888): 

Free  Amonia 0.0081  grains    per  gallon 

Albuminoid  Ammonia 0.0093       "  *' 

Required  Oxygen 17.51  "  "         •' 

Total  Hardness 24.95 

Permanent  "       22.03 

Temporary  " 2.92 

Total  Solids 38.25  

Mineral  Matters 28.68  " 

The  enormous  amount  of  required  oxygen  was  due  to  the  iron  which 
was  held  in  solution  in  the  condition  of  protoxide. 

By  adding  alkali  to  neutral  reaction,  and  driving  air  into  the  water. 
the  iron  was  entirely  thrown  down  in  the  form  of  peroxide  or  rust, 
and  the  hardness  reduced  to  6  or  7  grains  per  gallon,  or 
eighty-four  per  cent  less  than  the  original  amount. 

Owing  to  the  very  large  amount  of  free  acid  in  this  water,  the 
supply  was  subsequently  taken  from  the  Lackawanna  itself,  in  which 
the  acid  mayily  existed  in  combination,  as  follows:     (Feb.    1st,    1889.1 

Sulphate  of  Iron 1.3  grains  per  gallon 

Sulphate  of  Lime 2.24  "         " 

Sulphate  of  Magnesia 1.47  "         ••         " 

Sulphate  of  Soda 0.11  '•         " 

Sulphuric   Acid 0.03  "  '* 

Silica 0.31  ' 

Sodium  Chloride •-....  .0.52  "         "         " 

This  analysis  shows  the  change  brought  about  by  the  acid  iron 
water  coming  into  contact  with  the  carboi^ate  of  lime  water  brought 
down  by  the  Lackawanna  River.     This    carbonate    has    been   entirely 
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c  mverted  into  sulpliate.  and  just  as  mucli  iron  as  was  previously 
combined  with  the  acid,  has  been  thrown  down  in  the  form  of  rust 
on  the  sides  and  bottom  of  the  river. 

It  also  shows  that  even  after  this  chanj^e.  sulphate  of  iron,  which  is 
very  corrosive,  and  free  sulphuric  acid  still  remain.  In  practice  both 
of  these  have  been  neutralized  and  the  dissolved  iron  removed,  before 
the  water  has  been  used  for  boiler  purposes  at  Scranton. 

It  remains  for  me  to  state  what  I  believe  to  be  the  correct  princi- 
ples and  methods  upon'  which  the  removal  of  the  hardening 
constituents  of  water  should  be  effected.     They  are: 

First.  The  operati(.)n  must  be  done  /)(  flie  void.  The  distillation 
of  water  is  too  costly  to  permit  of  the  use  of  distilled  water  except  in 
small  quantities.  When  whste  heat  can  be  obtained,  the  precipita- 
tion may  be  effected  by  heat  and  pressure,  but  the  precipitation  is 
usually  very  incomplete  and  the  scale  has  to  be  gotten  out  of  the 
precipitating  tubes  or  boilers. 

Second:  The  chemicals  must  operate  not  only  in  the  cold,  but 
must  be  very  cheap.  Lime  is  the  only  substance  which  fulfills  these 
conditions,  and  it  will  answer  for  temporary  hardness  only.  Soda, 
under  proper  conditions  removes  permanent  hardness  at  common 
temperatures,  but  as  compared  with  lime  it  is  expensive,  and  pre- 
vents its  use  when  the  quantity  of  water  to  be  softenea  is  large, 
and  its  hardness  great.  Nevertheless,  by  the  use  of  lime  and  soda 
in  proper  porportion.^,  a  water  used  in  a  manufacturing  establishment, 
has  had  its  hardness,  amounting  to  forty  degrees,  and  of  which  three 
fourths  is  permanent,  reduced  to  four  degrees,  that  is.  made  soft. 

Third:  The  removal  of  the  precipitated  lime,  gypsum,  iron,  etc., 
must  be  effected  either  by  sedimentation  or  filtration 

It  can  be  perfectly  effected  by  sedimentation,  the  sludge  Ijeing 
drawn  off  by  sludge-cocks.  The  practical  difficulty  is  that  sedimen- 
tation depends  upon  quiescence,  and  the  limit  is  soon  obtained  when 
the  tanks  become  too  large  and  costly  to  permit  of  their  application 
to  considerable  amounts  of  moving  water.  By  thorough  contact  and 
admixture  of  the  chemicals  with  the  water,  the  time  required  for 
effecting  precipitation  can  be  indefitiitely  shortened,  and  the  sludge 
forthwith  tilteied  off.  In  a  subsequent  communication,  I  shall  present 
results  obtained  by  the  applicatioQ  of  these  principles  and  methods 
in  a  number  of  'softening  plants  erected  in  this  country  and  iu 
England. 

Prof.  J.  B.  Johnson  asked    whether    in  the  event  he  should 
be  able  to  complete  his  paper  on  the  "Aeration  and  .Sedimen 
tation  of    Muddy   River    Water"   it  could   be  printed   in    the 
proceedings. 

It  was  moved  and  seconded  that  the  paper  should  be  pub- 
lished.     Carried. 

The  President  announced  that  the  next  order  of  business 
was  the  selection  of  the  place  for  the  holding  of  the  next 
meeting  of  the  Association. 

The  election  resulted  in  the  selection  of  Chicago. 
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Mr.  Ciaidner  as  Chairman  of  the  Committee  appointed  to 
nominate  officers  of  the  Association  for  the  ensuing  year,  re- 
ported the  ?ollo\ving: 


REPORT  OF  NOMINATINC  COMMITTEE. 


The  Committee  on  Nominatii>ns  beg  leave  to  recommend  the  fol- 
U^wing  perstin.*  to  serve  the  As.-^oi-iation  for  the  ensuing  year: 

For  President. — J.  H.  Decker.  Saliiia.  Kansas. 

For  V ice-Presidents.  W .  G.  Richards.  Atlanta.  Ga.:  Wm.  Ryle,  Pater- 
son.  N.  J.;  H.  G.  Holden.  Na-shia.  N.  H.:  W.  L.  Camer  >u.  Memphis. 
Tenn.:  C.  N.  Priddy,  Leadville.  Colo. 

Secre'anj  and  Treasurer.     J.  M.  Diven,  Elmira.  X.  Y. 

Fix  nice  Committee. — Jas.  P.  Donaaue.  Davenport.  la.:  Win.  M  ilis. 
Muscatine,  la.:  W.  S.  Hamilton.   Voungstown.  Ohio. 

For  the  Committee.  L.  H.  GARDNER.  Ch'n. 

Mr.  I.inneen: — 1  rise  t  )  second  the  report  of  the  Com- 
mittee and  to  endorse  the  nominations  made  by  them.  I 
think,  Mr.  Chairman,  that  if  there  is  one  member  of  this  As- 
sociation who  deserves  well  at  its  hands  it  is  Mr.  Decker. 
He  is  one  of  our  charter  members  and  has  been  with  us  from 
the  beginning;  he  has  labored  zealously  for  the  wellfare  of 
this  Association  and  his.  election  as  President  will  be  a  fitting 
recognition  of  his  services.  The  nominations  for  the  other 
offices  I  think  also  reflect  great  credit  on  the  intelligence  and 
judgment  of  the  committee.  I  therefore  second  the  motion 
to  adopt  the  report  of  the  Committee. 

The  motion  to  adopt  the  report  of  the  Committee  was 
carried  unamiously,  and  the  Chair  appointed  Mr.  Jdnes  of 
Kansas  City,  and  Mr.  Linneen  of  Chicago  to  wait  upon  the 
gentlemen  elected  and  inform  them  of  the  action  of  the  As- 
sociation. 

.The  President: — While  the  Committee  are  out  I  will 
lake  the  opportunity  to  express  to  the  Association  my  high 
appreciation  of  the  courtesy  and  forbearance  you  ha\  e  shown 
me  while  I  have  occupied  the  Chair  of  the  President.  The 
office,  I  am  glad  to  say,  came  to  me  unsought.  I  hardly  had 
the  right  to  expect  the  cordial  support  and  friendship  that  1 
have  received  during  the  days  of  our  meeting:  and  I  think  1 
cannot  conclude  better  than  by  wishing  our  Association  con- 


tinned  success,   and   that   its    nienibeisliip   will   never  be  less. 
( Applause ) 

Mr.  Denman  retired  from  the  Chair. 

Mr.  Darling  moved   that  a  vote  of  thanks  of  the  Associa 
tion  be  tendered    to  our  retiring    president  for    the  able  and 
efficient  and  comprehensive    manner    in    which    he    has  per- 
formed the  duties  of  his  office  during    the  year  as  President. 

Mr.  (iardner  seconded  the  motion. 

Carried. 

The  committee  returned  escorting  Mr.  Decker. 

The  Presidknt: — Mr.  Decker,  by  the  unamious  vote  ol 
the  Association  you  have  been  named  as  its  President  for  the 
ensuing  year.  It  is  with  great  pleasure  that  I  surrender  into 
your  hands  this  gavel,  and  I  trust  you  may  find  as  much 
])leasure  in  its  use  as  I  have.      (Applause.) 

Mr.  Decker: — Mr.  President,  and  Gentlemen:  The 
honor  that  has  been  done  me  by  the  Association  is  so  much 
of  a  surprise  that  I  must  beg  you  to  excuse  me  if  I  am  unable 
to  properly  express  my  keen  appreciation  of  it  now.  God 
knows  there  is  not  a  member  of  the  Association  who  has  for 
its  interest  a  warmer  place  in  his  heart  than  I  have;  I  have 
labored  for  the  success  of  our  Assoctation  since  its  organiza- 
tion in  1 88 1,  and  while  gentlemen,  I  am  free  to  confess 
that  I  have  entertained  the  hope  that  at  some  time  I  might 
receive  the  distinction  of  being  President  of  this  body,  I  had 
no  thought  that  it  would  come  to  me  this  year  or  in  the 
near  future.  I  shall  enter  upon  m\-  duties  with  the  happ\ 
conviction  that  I  shall  receive  the  hearty  co-operation  and 
aid  of  my  fellow  members  who  have  thus  shown  their  friend- 
ship and  indeed  partiality  towards  me. 

On  motion  the  Convention  then  adjourned  to  meet  at 
Mammoth  Cave,  vSaturday  morning. 


ADJOURNED   MEETING. 


Mammoth   Cave,  Kv.,  Saturday,  April  20th,  1889. 

Meeting  called  to  order  in  the  "Rotunda"  Mammoth    Cave 
at  11:30  a.  m.     Vice  President  Diven  presiding. 


(28 
The  following  applications  for  membership  weVe  read: 

ACTIVK 

Barrows,  F.  C.  Chairman  Water     Board Minueapolis.  Minn 

Callahan.  A.  F..  Director  Water  Co Louisville,  Ky 

Day.  L.  D..  Water  Commissioner Minnei^polis,    Minn 

(ioodnow.  W.  T..  Constructing  Engineer.  . Nashville.  Tenii 

Guilford.  A.  J..  Constructing  Engineer .  . .C  hicago.  Ills 

Root.  W.  J:.  Mech'l  Engineer .New  York.  N.  Y 

Tilden.  J.  A.,  Mech'l  Engineer Boston.  Mass 

On  motion  the  Secretary  cast  the  ballot  of  the  Association 
for  the  above  named   and    they  were    declared    duly    elected. 

Mr.    Donahue    offered    the   folJowiuLC   resolution: 

Resolved: — That  the  further  thanks  of  the  Ass<)ciati<m  be.  and  liere- 
hy  are.  tendered  Messrs.  Dennis  Long  <fe  C«>.  for  this  special  trip  and 
for  the  most  royal  manner  in  which  we  have  been  cared  for. 

Mr.  Molis  offered  the  following  resoluti(m: 

/iesoii-gf/:  That  the  thanks  of  the  Association  are  hereby  tendered 
the  ladies  who  have  graced  this  convention  l)y  their  presence,  and 
added  so  much  to  the  pleasures  of  the  excursion  1)y  their  company. 

On  motion  the  resolutions  was  adopted  unanimously  and 
then  rousing  cheers  given  for  the  ladies  who  braved  the  perils 
of  "Fat  Man's    Misery"  and  the  "Corkscrew." 

On  motion  the  Ninth  Annual  Convention  adjourned 
Sine  Die. 


.Secretary. 
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THE  EXHIBITS. 


This  feature  of  the  Annual  Conventions  has  not  as  yet  re- 
ceived the  attention  and  cooperation  of  the  associate  mem- 
bers which  it  deserves,  and  was  not  nearly  so  full  as  should 
have  been. 

The  following  lines  however  were  fairly  well  represented. 

BRASS    (;()()I)S,   NlOP   BOXES,    ETC. 
IIEM  AND  LOCATION.  /  KEPKESENT.VTIVE. 

( ialviii  Brass  &  Iron  Works.  Detroit  Mich..     -----  D.  F.  O  Brien 

H.Mueller  Mfg.  Co..  Decatur,  111.. -     -     -H.Mueller 

Chapman  Valve  Mfg.  Co..  Indian  Orchard.    Mas.-*..     -     -     -     E.  L.  Ross 
Ludlow  Valve  Co..  Troy,  X.  Y.,     -     -     -     -----     -    R.  A.  Cairns 

Bourbon  Copper  &  Brass  Works.  Cincinnati.  Ohio.     -     -     -  Thos.  Fird 
J.  B.  Clow  &  Co..  Chicago.    111..     -  -     ------     H.  S  Powell 

A.  M.  Morgan  Mfg.  Co..    Buffalo.    N.  Y..      -----     A.    M.  Morgan 

Rouse  &  Hills  Co..  Columbus.  Ohio.     -     -     -     ------     -     Hills 

FIRE    HVDRANTS   AND     VALVES. 

K.  D.  Wood  &  Co.,    Philadelphia,  Pa..     - A.  T.  Prentice 

Galvin  Brass  &  Iron  Works,  Detroit.    Mich..     -     -     -     -     D.  F.  O'Brien 

Chapman  Valve  Mfg.  Co..  Indian  Orchard.  Mass     -     -     -     -  E.  W.  Ross 

Ludlow  Valve  Co.  Troy.  N.   Y.,     --------     R.  A.  Cairns 

Bourbon  Copper  &  Brass  Works.  Cincinnati.  Ohit>.     -     -     -    Thos.  Fird 

MEIERS. 

Hersey  Meter  Co..  Boston,    Mass..     --------     J.  A.   lilden 

H.  R.  Worthington.  New  York.  N.  Y..     ------  S.  A.  Welsh 

National  Meter  Co..  New  York.  N.   Y..     -------     J.  C.  Kelley 

Union  Water  Meter  Co..  Worcester.  Mass..     -     -     -     -     -     J.  P.  K.  Otis 

Water  Waste  Prevention  Co..  New   York.  N.  Y..     -     -     -     E.  L.  Abbott 
Frost   Meter.  Boston  Mass..     ----------     J.  G.  Briggs 

FILTERS. 


Oliphant  Filter  Co..  New  York.    N.  Y.. 
Jewell  Pure  Water  Co.,  Chicago,  Ills.. 
Hvatt  Pure  Water  Co..  New  York,     - 


-  Wm.  Oliphant 
-  -  R.  H.  Dalzell 
Jno.    A.    Caldwell 
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OILS 

E.  H.  K-[l>.rg  &  Co..  New  York,  N.  Y..     -----     C.  H.  Hsmmoml 

TAPPING    MACHINES. 

H.  Mueller  Mfg.  Co..  Decatur.    Ills..     -     -     ------     H.  Mueller 

Clarks  Tappinj^  Machiue.  Newark,  N.  J.. Wm.  N.  Crans 

GOVERNORS. 

Fisher  Governor    Co..Mar.shalltown.  la..     ------     E.  A.  Harris 

PIPE,    ETC. 

R.  D.  Wood  <t  Co..  PhUadelphia.  Pa.. -     A.  T.  Prentice 

Dennis  Ijr>ng  &  Co..    Louisville.    Ky..     -------     John  Long 

PUMPING  MACHINERY. 

Dean  Steam  Pump  Co..    Holyoke.   Mass..     -----     G.  W.  Dudley 
H.  R.   Worthington.  New    York    N.  Y..     -     -     -     -     -  -     W.  J.  Root 

lECHNICAL   PRESS. 

Fire  and  Water.  New  York.  N.  Y'..     -------     F.  W.  Shepperd 

Engineering  News.  New  York  N.  Y.,     -------     J.  P.  Safford 

American  Engineer.    Chicago.    Ills..     --------     M.  Cowles 

Western  Fireman.  Chicago  Ills.,     ----------    W.  Hellis 

Engineering  &  Building  Record.  New  Y'ork  N.  Y..     -     -     F".  W.  Skinner 


ENTERTAINMENT. 


During  the  Convention  the  wants  and  pleasures  of  those  in 
attendance  were  most  carefully  looked  after  by  Messrs.  A.  F. 
Callahan  of  Dennis  Long  &  Co.,  and  P.  J.  Morritt  of  the 
Louisville  Water  Co. 

Wednesday  afternoon,  through  the  courtesy  of  the  Louis- 
\ille  Water  Co.,  the  Association  and  its  guests  were  taken  by 
special  train  to  visit  the  reservoirs,  gate  house  and  pumping 
station  of  the  Water  Works. 

The  party  was  under  the  escort  of  Messrs.  Charles  R. 
Long,  President,  and  Chas.  Hermany.  Chief  Engineer  of  the 
Louisville  Water  Co.      These  gentlemen  were  imtiring  in  their 
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efforts   to   make  ever\     one   feel   at  home,  and  the  four  hour> 
sjient  under  their  leadershi])  were  both  pleasant  and  profitable. 


IHl';    BANQUET. 

The  labors  of  Thursday  were  most  pleasantly  closed  by  a 
sumptuous  banquet  spread  in  the  spacious  dining  room  of 
the  (jalt.  After  ample  justice  had  been  done  the  good 
things  solid  and  licjuid,  Mr.  W.  L.  Cameron,  of  Memphis, 
Tenn.,  in  the  capacity  of  "Toast  Master"  rapped  to  order 
and  the  following  Toasts   were  offered  in  their  order: 

First  "The  City  t)f  Louisville."  'L'his  was  to  have  beeu  answered  L>y 
Mayor  Jacob,  but  he  was  not  present,  and  the  duty  f^H  to  Judge  Pirtle. 

Second — "The  New  England  Water  Works  Association."  Response 
by  Mr.  Nevons  of  Cambridge.  Mass. 

Third: — "Water."     Response  by  Mr.  Richards,  of  Atlanta. 

Fourth: — "The  Louisville  Water  (^ompany."  Response  by  Mr.  Charles 
R.  Long. 

Fifth  "The  Cincinnati  Water  Works."  Response  by  Col.  A.  G. 
Moore,  of  Cincinnati. 

Sixth-   "The  Local  Committee."     Response  by  Mr.  Charles  Hermany. 

Seventh — "Our  Absent  Friends."  Response  by  Mr.  L.  H.  Gardner. 
New  Orleans. 

Eighth     "The  Ladies."     Response  by  Mr.  J.  A.  Tilden.  of  Boston.    . 

These  were  followed  by  a  number  of  volunteers  and 
im])romptu  toasts  and  when  the  "wee  small  hours"  came  on 
apace  the  assemblage  retired. 


THE   EXCURSION   TO  THE   CAVE. 


Friday  morning  at  8:30  in  accord  with  the  generous 
invitation  extended  by  Messrs.  Dennis  Long  <!i:  Co.,  the 
members  of  the  Association  accompanied  b)  a  number  of 
invited  guests,  embarked  on  special  train  on  the  Louisville  (S: 
Nashville  R.  R.  for  Maminoth  Cave. 

The  train  consisting  of  t\Vo  coaches  and  buffet  car.  the 
latter  being  well  stocked  with  the  luxuries  as  well  as  the 
necessities  of  life  by  that  prince  of  caterers  Col.  Louis 
Seelbach  and  presided  over  by  his  able  Lieutenant  Thomas 
Everson,  was  well  filled  by  the  members  of  the  Association 
and  invited  guests. 

.\  ride  of  a  few  hours  through  that  grand  old  state  of 
Kentucky,  and  a  final  halt  was  made  at  Mammoth  Cave  just 
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in  time  to  partake  of  a  substantial  dinner  at  the  Hotel. 
When  all  had  satisfied  the  inner  man,  and  inner  woman  as 
well,  the  ringing  of  the  old  farm  bell  warned  all  to  "fall  in" 
for  the  Cave.  After  considerable  delay,  occasioned  by  the 
ladies  vain  endeavor  to  decide  what  particular  costume  was 
best  adapted  to  the  (rip,  a  start  was  finally  made.  A  pleas- 
ant walk  of  a  few  hundred  yards  brought  the  party  to  the 
entrance  to  the  cave,  where  the  guides  were  in  waiting  with 
innumerable  little  lamps.  (Just  here  your  humble  servant 
would  pause  to  remark,  that  as  since  the  Association  visited 
Pike's  Peak  they  have  constructed  a  railway  to  the  summit 
presumablx  in  deference  to  the  wishes  of  som^  who  made 
that  memorable  trip,  he  would  suggest  that  the  Cave  man- 
agement adopt  a  system  of  electric  lighting  in  lieu  of  these 
same  abominable  lamps.) 

As  for  previous  arrangement  the  short  route  was  taken 
which  embraced  some  eight  miles  of  the  mysteries  of 
the  depths  of  the  earth,  the  party  returning  to  the  hotel 
about  7  p.  m.,  with  voracious  appetites,  supper  was  dispatched 
the  evening  was  spent  in  social  enjoyment,  till  an  "early  to 
bed"  order  was  issued  so  as  to  be  able  "early  to  rise"  and 
make  the  long  route  Saturday  morning  after  nearlv  all  had 
breakfasted  the  "long  roll"  was  rung  on  the  bell  and  a  staft 
was  made  to  finish  doing  the  wonders  of  the  Cave.  After 
a  most  interesting  tramp  of  some  twelve  or  fourteen  miles, 
taking  in  the  various  points  of  interest  such  as  "Kat  man's 
misery"  etc..  the  party  returned  through  the  "Corkscrew" 
to  the  "Rotunda,"  where  the  adjourned  meeting  was  held. 
President  Denman  not  having  accompanied  the  party  the 
duty  of  calling  the  meeting  to  order  devolved  upon  Vice 
President  Diven.  Mr.  Diven  thus  has  acquired  the  honor  of 
presiding  over  the  lowest  and  highest  meetings  held  by  the 
.\ssociation,  he  having  presided  over  the  special  meeting  held 
on  the  summit  of  Pike's  Peak.  Colorado  in  1886. 

Upon  the  adjournment  the  line  of  march  was  taken  up 
and  after  quitting  the  Cave  returned  to  the  Hotel,  where 
after  removing  the  evidences  of  the  tramp,  dinner  was 
partaken  of,  after  a  short  interval  the  cry  resounded  "All 
abroad."  The  special  train  was  soon  filled  and  a  merry  time 
was  had  until  Louisville  was  reached,  about  six  o'clock  p.  m. 

The  following  is  a  partial  list  of  the  guests  in  addition  to 
the  members  and  representatives. 

Mesdames.  J-  B-  Collins,  Louis  Seelbach.  Chas.  Hermany, 
John  Evans.  Newton  Crawford,  Theo.  Ahiens  Jr.,  Louisville. 
W.  G.  Richards.  Atlanta  Ga.;  S.  B.  Russell,  St.  Louis  Mo.. 
A.  \V.  Morgan.  Buffalo.  X.  Y.;  C.  S.  Brown.  Toledo,  Ohio:  A. 


N.  Denman,  Des  Moines,  la.;  M.  ¥.  Thompson,  Davenport, 
la.;  J.  M.  Diven  and  daughter  Klmira,  N.  Y.;  Wm.  Ryle, 
Patterson,  N.  J. 

Misses,  Irene  Hermany,  Madaline  Hermany,  Maggie  John- 
son,   Ella    Long,    Mary    C.    Smith,      Annie    Staub, Levi, 

Louisville,  Ky.;  Clendenin,  St.  Louis,  Mo.;    M.    Ryle, 

Patterson,  N.   J. 

Messrs.  Hira:m  Nevons,  Cambridge,  Mass.;  J.  B.  Collins, 
and  son,  Louis  Seelbach,  C.  P.  Mitchell,  N.  W.  Smith,  Thos. 
Kverson,  M.  VV.  Barkhouse,  I).  L.  Miller,  Chas.  F.  Bayless, 
Wm.  Sackett.  Theo.  Ahrens  Jr.  M.  V.  Joyes.  F.  W.  Kochler, 
M.  D.  Louisville,  Ky. ;  F.  W.  Stevenson,  N.  James,  Bowling 
(Ireen,  Ky.;  J.  D.  (xriffith,  Frankfort,  Ky.;  R.  J.  Moore,  Cin- 
cinnati, Ohio;  Wm.  E.  McMillan,  J.  A.  Lemon,  New  York; 
Dr.  L.  H.  Mathiz,  Chicago,  Ills.,  Henry  H.  Yates,  London, 
England;  W.  A.  Clendenin,  St.  Louis,  Mo. 


^^'^-     Wear  \3  6>n.-a.^ 


IN  MEMORIAM. 


HARVEY    F.  CASKELL, 

MECHANICAL   ENGINEER,    LOCKPORT,     NEW   YO^fK 

DIED     APRIL    I  ,    1889. 


HARVEV  F.  (iASKKLL  was  born  in  Niagara  County. 
New  York,  January  19th.  1845.  He  received  his  early 
education  in  the  district  in  which  he  resided  and 
subsetjuently  graduated  from  the  Poughkeepsie  Com- 
mercial College.  Being  of  a  natural  inventive  turn  of 
mind  he  did  not  adopt  any  ])articular  profession  until 
1873;  he  was  however  engaged  during  this  time  in 
various  classes  of  manufacture  principally  in  the  pro- 
duction of  various  articles  which  he  had  invented  and 
jiatented.  The  trend  of  his  iiiind  however  being  toward 
machinery  and  being  a  close  student  he  directed  his 
studv  to  Slechanical  Engineering. 

In  1873  he  entered  the  draughting  department  of  the 
Holly  Manufacturing  Co.,  at  Lockport,  here  his  true 
worth  and  ability  were  made  manifest  and  promotion 
was  rapid,  an  1  at  the  time  of  his  death  he  was  Vice 
President  and  General  Su])erintendent  of  the  Company. 
His  success  was  remarkable  and  no  monument  that  can 
be  erected  to  his  memory  will  be  as  lasting  as  that 
erected  by  himself  in  his  Pumping  Engines. 

He  became  a  member  of  the  Association  at  the  Co- 
lumbus meeting  in  1882  and  until  his  death  was  a  most 
promjjt  and  useful  member.  '  In  religious  belief  he  was 
a  Presbyterian  being  for  many  years  a  member  of  the 
First  Presbyterian  church  of  Lockport.  He  leaves  a 
wife,  Mary  M.,  to  mourn,  but  no  children,  their  only 
child  having  died  in   infancy. 

In  his  death,  while  just  entering  the  prime  of  life,  and 
only  upon  the  threshold  of  his  career,  the  Associa- 
tion loses  one  of  its  best  members,  the  Water  Works 
fraternity  at  large,  one  of  its  greatest  minds,  and  the 
manufacturing  world  one  of  its  'most  brilliant  and 
skillful  inventors. 

REQUIESCANT   IN  PACE. 
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FINANCIAL  STArEMENT 


1888.  Dr.  Cr, 

April  17.     Balance  cash  on  hand ¥ 

J.   S.  Walker.  Fees  and  Dues  to  1889. 

John    F.    Lakin. 

E.  J.  Snow. 

F.  VV.  Gerecke. 
Jas.  A.  Bond. 
S.  W.  Harris. 
W.  T.  Harris. 
John  Young, 
Thos.  J.  Neville. 
A.  R.    Wadsworth. 
Jno.  W.    Taylor. 
Edward  C.  Cooke. 
Chas.  A.  Judson. 
Philip    Morley. 

G.  H.  Benzenberg. 
Hall  Electric  Pump  Co.  •• 

Rouse  and  Hills   Co. 
Wm.   Oliphant. 
H.  De  C.  Richards. 
Jewell  Pure  Water  Co.     " 
Jarvis  B.  Edson. 

John  Canlfield.  Dues  to  1888. 

Chas.  P.  AUen. 
C.  S.  Brown. 
«  Edwin  Darling, 

A.  N.  Denman. 
J.  M.  Diven. 

J.  T.  Fanning.  '•    .         " 

R.  Holme  Jr..  "  '* 

R.  M.  Gow. 
J.  W.  Henion. 
Thos.  H.  Hooper. 

Wm.  Ryle.  "  '   *' 

Wm.  Fisher.  '•  " 

B.  F.  Stephens,  "  " 
J.  Nelson  Tubbs.  ''  " 
P.  J.  Neagle.  "  " 
J.  P.  Michellon,  "  " 
A.  W.  Morgan,  '"  " 
National  Meter  Co. 
F.  A.  W    Davis. 

H.  E.  Keeler.  " 

J.  P.  Donahue.  '•  '• 

C  A  Hague. 


Dr. 
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Chapman  Valve  Mfj/.  Co.,     Due?  to 

Galvin  Brass  &  Iron  Works,    • 

H.  Mueller. 

Ludlow  Valve  Mfg.  Co.. 

R.  D.  Wood  &  Co.. 

P.  L.  Fuller. 

Geo.  H.  Chandler. 

S.  E.  Babcock.         iBal.l 

H.   W.    Ayres. 

F.  W.    HoUy. 

P.  H.  Linneen.  ' 

H.  F.  Gaskell. 

H.  C.  Parrott. 

Geo.  Hornung. 

C.  N.  Priddv, 

J.  W.  Troy." 

B.  R.  Morton.  ' 

fi.  Beaumout,  ' 

E.  H.  Phipps. 

W.  G.  Richards. 

H.  R.  Worthington. 

Cojumbus  Water  Works. 
April'.'^.  M.  L.  Holman.  ' 

N.  O.  Nelson.  Mfg.    Co.. 

Wm.  B.  Bull.  " 

W.  W.  Sprague.  " 

J.  D.  Cook. 

The  Ohio  Pipe  Co., 

Harry  Birkinbine. 
April  .->().  J.  B.  Johnston.  *■ 

Hardwicke  and  Ware,  ' 

Hays  Mfg.  Co.. 

J.  i).  Houston.  " 

L.  H.  Gardner.  " 

E.  H.  Kellogg  A  Co.. 

W.  S.    Payne. 

B.  M.  Espy.  « 
Davis  Cresswell  &  Co..  " 
Newark  Filtering  Co..                 " 
Geo.  F.   Blake  Mfg.  Co.. 
Chas.  B.  Brush,                             " 
Fred  Adee  &  Co..                         '• 
Union  Water  Meter  Co.,            '" 
Phinehas  Ball. 
J.  L.  Mott.  Mfg.  Co.. 
Rudolph    Bering. 
Sam'l  M.  Elroy. 

Miy   1.    I.  S.  Cassin.      "    On  Acc't 

Jno.  C.  Chase. 

H.  C  Heermans. 
May  -2.     P.  B.  Perkins.  " 

E.  L.  Dunbar.  " 

Wm.  Ludlow. 

The  Eddy  Valve  Co.. 
May  H.     Desmond  Fitzgerald. 

August  ShafiFer. 

C.  W.  Morse. 
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National  Tube  Wks  Co..         Dues  to  1888  3  ()<) 

W.  T.   Marsh.  ••  "  ?,  00 

J.  F.  Sawyer.  "  "  i  00 

May  4.     W.  S.  Kulin.  ••  "  A  00 

May  .5.    Dennis  Long    <fe  Co..  "  ■•  ?,  00 

A.   F.   Kent.  "  "  8  (X) 

J.  J.  R.  Croes.  ••  •  3  00 

May   7.     Ripley  and  Bronson.  '•  •  H  00 

E.  H. 'Brown.  "  •  ?,  00 

J.  M.  Randall.  "  ••  8  00 

Equitable  Meter  Co..  '•  "  S,  00 

A.  H.  McNeil.                                 •  •  14  00 

May  8.     J.  B.  Clow  &  Sons.  "  ••  ;'.  00 

May  9.     L.  J.  LeConte.  "  •  ;'.  00 

R.  C.  B.    Beraeut.    Fee  and  Dues  to  '8».  8  OO 

May  11.  M.  Joy.  Jr..                 ••  •  •  «  (Ml 

Bingham  &    Taylor.  "  188f<  8  00 

H.  F.   Dunham.  '  "  •  8  (HI 

Addyston  Pipe  <i  Steel  Co..  •'  •  8  00 

May  12.  Deane  Steam  Pump  Co..  •■  •  8  00 

E.  A.  Browere.          Fees  and  Dues  to  J  88;t.  .s  (H) 

May  14.  Robt.  K.  Martin.  •■  18S8.  8  00 

Wm.  Bowen.  "  "  8  Ofi 

May  19.  Jones    &  Laughlins.  ••  "  8  00 

May  21.  Wm^  B.  Sherman.                     Dues  to  1888.  8  00 

Philip  Baehner.  "  "  8  (Ml 

May  23.  Robert  Moore.  "  "  8  00 

May  26.  Myron  Wiltsie.  "  "  C  00 

R.'  Holme.  -  "  8  (Hi 

W.  B.   Mills.  "  ••  «;  (Ml 

James  Archer.  "  "  0  0(1 

Gordon  Maxwell  Co..  '•  •  8  00 

L.  C.  Burnes.  "  •  8  (Ml 

June  1.    Geo.  F.  Swain.  "  ■•  8  00 

June  9.  Ezra  Clark.  "  18851.  8  00 

Jno.  AV.  Hill.  ••  1888.  8  (HI 

June  18.  J.  Henry  Brown.  "  •■  8  (Ml 

June  11.  Shickle    Harrison    A  Howard  Co..          •  8  (Ml 

John  Martin.  ■•  "  8  (HI 

June  22.  D.  L.  Holland.  "  "  8  (Ml 

Reliance  Oil  k  Grease  Co..  Fees  &  dues  to  ISSil.  18  (HI 

June  21.  H.  H.  Harrison.                     Dues  to  1888.  8  (HI 

H.  G.  Holden.  "  "  8  (Ml 

A.  H.  Howland.  ••  "  8  (Hi 

Willis   Chipmar..   Fee  and  "  1889.  8  (H) 

Julv  2.   Wilson  Henderson.  .....  o  ,„, 

Julv  11.   L.  A.  Taylor.  ••  1888.  8  (Hi 

Julv  21.  F.  H.  Pond,  "  ••  8  (HI 

Julv  27.   R.M.  Jones,  ••  1889.  8  00 

Gilbert  Murdock,  "  "  «  00 

Wm.  H.   Fritchman.  Fee  and  1889,  8  00 

Aug.  8.    S.  Tomlinson.  "  "  3  00 

Aug.   27.  Chas.  F.  Loweth.  "  1888,  3  00 

Aug.  28.  H.  D.  Wood.  "  "  3  00 

Sept.  13.  Wm.  Mitchell.            Fee  and  "  1889,  8  00 

Sept.  17.  W.  H.  Searles.           On  Acc't  "  "  a  00 

.S?pt.  18.  C.  F.  Manning.  "  1890,  6  00 
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Oct.    »>.     Wm.  H.  Barney.      Fee  and  dues  to  1889. 

R.  C.  P.    Coggeshall. 
Nov.  10.  C.  Monjeau.  Fee  and    "  1890. 

Nov.  23.  Hersey  Meter  Co.  '•  1889. 

Dec.  17.  J.  A.  Cloud, 
Dec.  25.  D.   Mc.  N.  Stauflfer, 

1889. 
Jan.  29.  W.  K.  Harrington.     Fee  and    "  1890. 

Mar.  21.  J.  A.  Mc  Williams. 
Apr.  3.    Geo.  R.  Harlow. 

H.  F.  Dunham. 
Apr.  13.  Sam'l  Tomlinson 


1889, 

Dues  to  1889. 

1891. 


Sales  Proceedings  to  date. 


8  00 
3  00 
8  00 
3  00 
6  00 
6  00 

8  00 
3  GO 

9  00 
3  00 
6  00 

29  0.5 


1888. 
Apr.  17. 
Apr.  18. 
Apr.  21. 
Apr.  23. 
Apr.  25. 
Apr.  27. 
May  4. 
May  11. 
May  16. 
June  4. 
June  6. 
June  22. 
Julv  9. 
July  27. 
Aug.  28. 
Aug.  14. 
Aug.  28. 
Sept.  1. 
Oct.  30. 
Nov.  3. 
Nov.  10. 
Nov.  30. 
Dec.  28. 


1889. 
Jan.  11. 
Mar.  21. 
Mar.  22. 
Mar.  23. 
Mar.  30. 
Apr.  2. 
Apr.    5. 

Apr.  11. 


DISBUBSEMENTH . 

Paid  Porterage  and  charges  on    Books . 
••     Papers  and  Postage. 
"     Porterage  and   charges  on  Books  . 

"     Express   charges 

"     Postage.  Notice  of  Dues 

'•     Express     charges 

"     Postage 

"     H.   F.    Dunham  Expense  Acc't... 

Express    charges 

••     Postage 

'•  Stenographic   Report 

•■  Postage 

"  Express    charges 

"  Postage 

"  Telegram 

••  Postage 

'•  Letter  heads 

"  Postage  Proceedings 

•■  Freight  "         to  Salina 

"  Postage  "  

•'  Printing  "  

"  Postage 

'•  Express  charges 

Notice  change  of  office 

•■     Postage ■ 

••     400  R.  R.  Circulars 

'■     Postage 

Express  charges 

••     Postage  Notices  Meeting 

Telegram 

Printing   Notices 

•'     J.  T.  Fanning  Electrotypes 

'•     J.  H.  Decker.  Sec'y  Salary 

Balance  cash  on  hand • 


1  00 
1  95 
1  50 

1  10 
4  00 

40 

2  00 

3  00 
30 

2  00 
2  00 
81 
3 


25 
0(1 
90- 
2  00 

1  10 

2  00 
1  25 

21  00 

10  30 

14  00 

364  22 

3  00 
1  45 

1  25 

2  00 
6  10 
2  00 

90 
14  Of) 

2  OTJ 

3  00 
.  90 
30  72 
59   93 

300  00 
23  08 


$972  60  11972  60 
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LIST  OF  MEMBERS. 


HONORARY. 

Y.  Nakajinia.  Imperial  University lokio,  Japan. 

ACTIVE. 

Alien.  Clia.-^.  P..  Engineer  Waterwork.s Denver.  Col 

Andrew.  Jas  H..  Sup't  Waterworks Central  Falls.  R.  1. 

Archer.  James.  Water  Co Denver  Col 

Ayres.  H.  W..  C.  E.  Waterworks Hertford.  Conn 

Ayres.  Sylvanus  Jr..  Manager  Waterworks Bound  Brook.  N.  J 

Babcock.  S.  E..  C.  E.  Waterworks Little  Falls.  N.  Y 

Ball.  Phinehas.  Hydraulic  Engineer VVorcester.  Mass 

Barnet.  Jno..  Sup"t  Waterworks La  Fayette,  Tnd 

Barney.  W.  H..  Sup't  Waterworks Milford.  Mass 

Barrows.  F.  C.  Chairman  Water  Com Minneapolis  Minn 

Beach.  G.  E..  Hydraulic  Engineer Minneapolis,  Minn 

Bement.  R.  C.  b'..  Chief  Eng.  Duluth  Water  Co St.  Paul.  Minn 

Benzenburg.  G.  H.,  Chief  Eng,  Water  Dep't Milwaukee.  Wis 

Bergstrom.  Andrew.  Mech.  Eng.  Waterw'ks Minneapolis,  Minn 

Birkinbine,  Harry  C.  E.  Waterworks Council  Bluffs,  la 

Bixby,  Walter  A.,  Superintendent  Waterworks Galena.  Ill 

Bond.  Josejih  A.,  Chief  Eng.  Water  Dep't .  Wilmington.  Del 

Bowen.  Wm..  Mec'l  Engineer Davenport.    la 

Hreckenridge,  G.  W..  President  Water  Co San  Antonio,  Tex 

Briggs.  J.  G.  Mech'l  Engineer Indianapolis.  Ind 

Brooks.  Isaac  W..  President  Water  Co Torrington,  Conn 

Browere,  Edward  A.,  M,  E.  Waterworks Catskill.  X.  Y 

Brown.  A.  L..  M.  E.  Waterworks Salem,  Oregon 

Brown.  Calvin  S..  With  Hersey  Water  Co Boston.  Mass 

Brown.  E.  H '. Grass  Valley.  Cal 

Brown.  Geo.  W..  Superintendent  Waterworks Longmont.  Col 

Brown.  J.  Henry.  Sup'^  Mystic  Div.  Water  Dep't Boston  Mass 

Brush,  Chas,  B,.'  C,  E.  and  Sup't  Waterworks Hoboken.  N.    J 

Buehner.  Phillip.  Waterworks  Contractor..  .  ." Portland,  Oregon 

Bull,  Wm.  B..  Suyjerintendent  Waterworks Quincy,  111 

Burns,  L,  C  Secretary  Water  Co St.  Joseph.  M<> 

Burnet.  Muscoe.  Sup't  Waterworks Paducah,  Ky 

Callahan.  A.  F..  Director  Water  Co Lonisviile.  Ky 

f'ameron.  W.  L..  Sec'y  and  Sup't  Waterworks Memphis,  Tenn 

Campbell.  D.  F..  Sup't  Water  Co Traverse  City.  Mich 

Carson,  J.  M..  C.  E.  and  Sup't  Waterworks Danville.  Ill 

Case.  L.  N.,  Sec'y  Waterworks .  . Detroit,  Mich 

Cassin.  Isaac  S.. Hydraulic  Engineer Philadelphia.  Pa 

CatteU.  Alex  G..  President  Water  Co Merchantville.  N.    J 

Caulfield,  John.  Secretary  Water  Board St  Paul.  Minn 

Chambers.  J.  N..  M.  E.  Waterworks Birmingham,  Ala 
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Chandler.  Geo.  H..  Engineer  Waterworks Kalamazoo.  Mich 

Chase.  John  C.  C.  E.  and  Sup't  Waterw'ks Wilmington,  N.   C 

Chipman.  Willis.  Chief  Engineer  Water  Co Brockville.  Ont 

Clark.  D.  M.  Sec"y  and  Treas.  Water  Co Elyria.  Ohio 

Clark.  Ezra.  Pres't  and  Sup't.  Water  Commission Hartford.  Conn 

Cloud.  J.  A..  Constructing  Engineer Jacksonville.  Fla 

Coggeshall  R.  C.  P..  Sup"t  Waterworks New  Bedford.  Mass 

Conant.  Whitney.  Secretary  Water    Co Long  Branch,  N.  J 

Cook.  J.  D..  Consulting  Engineer Toledo,  Ohio 

Cook.  Edward  C.  Constructing  Engineer Tiffin.  Ohio 

Cole.  Jno.  A.,  Civil  Engineer Hyde  Park.  Ill 

Croes,  J.  J.  R..  Consulting  Engineer New  York.  N.  Y 

Darling.  Edwin.  Superintendent  Waterworks Pawtucket.  R.  I 

Davis.  F.  A.  \V..  V.  Pres.  and  Treas.  Water Indianapolis.  Ind 

Day,  L.  D..  Civil  Engineer Minneapolis  Minn 

Decker.  J.  H..  Sec'y,  Treas.  and  Supt.  Water  Co Saliua.  Kas 

Denman.  A.  N..  Secretary  Water  Co DesMoines.  la 

Diven,  J.  M..  Sec"y  and  Treas.  Water  Co Elmira.  N.  Y 

Donahue.  Jas.  P..  Vice  President  and  Supt.  Water  Co. . . .  Davenport.  la 

Doyle.  F.  P..  Sec'y  and  Sup't  Water  Co Petaluma,  Cal 

Dunbar.  E.  L..  Sec'y  and  Sup't  Waterworks Bay  City.  Mich 

Dunham.  H.  F.  Consulting  Engineer ....  Cleveland,  Ohio 

Elliot.  Cha.s..  City  Superintendent  Water  Co San  Francisco.  Cal 

Ellis.  Geo.  A.,  Civil  Engineer Boston.  Mass 

Elmer.  Howard.  Pres't  Sayre.  Pa..  Water  Company Waverly.  N.  Y 

Elwes.  R.  Gervase.  Civil  and  Consulting  Engineer London.  Eng 

Espy.  B.  M..  Sec'y  and  Treas.  Waterworks Wilkesbarre.  Pa 

Fanning.  J.  T..  Civil  and  Consulting  Eng Minneapolis.  Minn 

Fitzgerald.  Desmond.  C  E.  and  Sup't  Water  Dep't Boston.  Mass 

Foote.  C.  M..  Civil  Engineer Minneapolis.  Minn 

Fritchmau.  W    H..  Sup't  Water  Co Peoria.  Ills 

Frost.  E.  W..  Snp't  Waterworks Colorado  Springs,  Col 

Fry.  D.  C  Sup't  Waterworks. Jacksonvill.  Ills 

Fuller.  F.  L..  Constructing  Engineer Boston  Mass 

Gaines.  A..  B..  President  Water  Co Hot  Springs.  Ark 

Gardner.  L.  H..  Superintendent  Water  Co New  Orleans,  La 

Gerecke.  F.  W..  Mech'l  Eiigr Scranton.  Pa 

Getchell.  W.  H..  Sec'y  Fairbault  Water  Co Minneapolis.  Minn 

Geyelin.  E..  Hydraulic  Engineer Philadelphia.  Pa 

Goodnow  W.  T..  Constructing  Engineer Nashville.  Tenn 

Gow.  R.  M.,  Superintendent   Waterworks Medford.  Mass 

Gray.  L.  E..  Sup't  Waterworks Albany.  Oregon 

Guilford,    A.  J..  Mechanical  Engineer Chicago  Ills 

Hague.  C  A..  Mec.  Eng.  with  H.  R.  Worthington New  York.  N.  Y 

Hamilton,  W.  S.  Sup't  Waterworks Youngstown.  Ohio 

Hanley.  P.  M..  Superintendent  Waterworks    Fort  Madisc^i.  la 

Hanna.  J.  L.,  Pres.  and  Manager  Water  Co Franklin.  Pa 

Hannah.  Jos.  E..  Eng.  and  Sup't  Waterworks Winnipeg.  Can 

Harlow.  Geo.  R..  Constructing  Engineer .Pittsburg. Pa 

Harrington.  W.  K..  Sup't  Waterworks Green  Bay.  Wis 

Harris.  S.  W..  M.  E.  Waterworks Racine.  Wis 

Harris.  W    T.  Sec'y  and  Treas.  Water  Co Jackson.  Tenn 

Harrison.  H.  H..  Suji't  Waterworks Stillwater.  Minn 

Heermans.  H.  C.    Sup't  Waterworks .Corning.  N.     Y 

Hely.  John  P..  Crivil  and  H\draulic  Engineer St.  Louis.  Mo 

Henion.  J.  W Minneapolis.  Minn 

Henderson.  Wilson.  Snp't  Waterworks Pete*borough.  Ont 


Heriug.   Rudolph New  York,  N.  Y 

Hermany.  Clias.,  Chief  Engineer  Waterworks Ljuisville.  Ky 

Hill.  Joliii  AV.,  Mech.   Eng Cincinnati.  Ohio 

H;)dgkins.  H.  C.  Cantracting  Eagiueer  . .' Syracuse,  N.  Y 

Holden.  H.  G..  Sup't  Waterworks Nashua  N.  H 

Holland.  D.  L..  M.  E Saratoga  Springs.  N.  Y 

Holly.  Frank  W..  Mechanical  Engineer Lockport,  N.  Y 

Holman.  M.  L.,  Water  Commissioner St.    Louis,  Mo 

Holme.  Richard.  Sec"y  and  Sup't  Water  Co.   . Denver.    Col 

Holme.  Richard.  Jr..  Cashier  Water  Co Denver.  Col 

Hood.  Chas..  Superintendent  Waterworks. . Burlington.  la 

Hooper.  Thomas  N..  Chief  Eagineer  Waterworks... Davenport,  la 

Horuung,  Geo.,  Civil  Engineer Newjjort,  Ky 

H jwlaud,  A.  H.,  Constructing  Engineer Boston,  Mass 

Inman.  Geo.  B.,  Contracting  Engineer New  York,  N.  Y 

Jackson.  F.  M.  Sup't  Waterworks Oak  Park.  Ills 

Johnson,  J.  B..  Prof.  Civil  Eng.  Washington  Univ . St.  Louis.  Mo 

Jones,  A.    J New  Brunswick.  N.J 

Jones.  B.  F.,  Sup't  Water  Co Kansas  City,  Mo 

Jones,  R.  M..  Manager  Waterworks Wyandotte.  Kas 

Joy,  Moses.  Jr. .  President  Water  Co . Petersburg,  Va 

Judson.  Chas.  A..  Sup't    Waterworks Sandusky,  Ohio 

Keating,  E.  H..  City  Engineer .  Halifax,  Nova  Scotia 

Keeler,  H.  E..  Director  Charleston.  111.,  Water  Co Chicago,  111 

Kent,  A.  F..  pres't  and  Sup't  Water  Co Jamestown,  N.  Y 

Koch.  H.  G..  Sup't  Waterworks      Aspen,  Colo 

Kuhn,  W.  S.,  Contracting  Engineer McKeesport,  Pa 

Kuhnen,  N..  Pres't    Water  Co Davenport.  la 

Laing,  W.  H..  Superintendent  Waterworks Racine,  Wis 

Lakin,  John  T.,  Sup't  Waterworks Rockford,  111 

LsConte,  L.  J..  Civil  and  Consulting  Engineer Oakland,  Cal 

Leeds,  Albert  R.,  Consulting  Chemist .Hoboken,  N.  J 

Linneen,  P.  H.  Mechanical   Engineer Chicago,  Ills 

Loweth,  Chas.  F..  Civil    Engineer St.  Paul,  Minn 

Ludlow,  Wm..  C.  E. Philadelphia,  Pa 

Lyman,  I.  L.,  Comm'r  and  Sup't  Waterworks. Lincoln.  Neb 

McAlpine,  A.  H.,  Chief  Engineer  W^aterworks.  ....... .Columbus.  Ohio 

McCallum,  A.,  Machauical  Eagiueer Philadelphia,  Pa 

MoCanne,  D   J..  Sup't  Waterworks Gunnison,  Col 

McConnell.  B.  IJ..  Sup't  Waterworks Montreal,  Can 

McConnell,  H.  S.,  Sec'y  Water  Co New  Brighton,  Pa 

M;C>an9ll.  W.  C.  Pres't  Water  Co.  ..... Shamokin.  Pa 

MoElroy.  Samual,  Civil  Engineer Brooklyn,  N.  Y 

Mc Williams.  James,  Sup't  Water  Co Seattle.  Wash 

Manning,  Chas.  F..  Sup't  Waterworks Hagerstown.  Md 

Marret.  P.  J..  Ass't  Engineer  Water  Co Louisville,  Ky 

Martin  H.  P.  Sup't  Waterworks Owensboro,  Ky 

Martin,  John.  Engineer  Waterworks St.  Johns,  Newfoundland 

Martin.  Robert  K.;  Chief  Engineer  Water  Dep't     Baltimore.  Md 

Martine.  A-  H.  Eng.  and  Sup't  Waterworks. .    Knoxville.  Tenn 

Maxwell,  J.  P..  Civil  Engineer Boulder,  Col 

Mead,  D.  W..  Constructing  Engineer Rockford.  Ills 

Messinger.  W.  H.,  Chief  Engineer  W'ater  Co Lynn,  Mass 

Mills,  J.  Albert,  Sup't  Waterworks St.  Catherines,  Ont 

Mills,  Wm.  B.,  Pres't  Water  Co Denver,  Col 

Milne.  Peter.  Jr..  Consulting  Engineer New  York,  N.  Y 

Milner,  W.  J..  Sec'y  and  Sup't  Waterworks Birmingham,  Ala 

Mitchell,  Wm.,  Sup't  Waterworks Ottawa,  Kas 
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Molis.  Wm..  Sup't  Waterworks Muscatine.  la 

Moujeau.  C.  Hydraulic  Enjjineer Ciucinnatti.  Ohio 

Moody.  Frauk  F.,  Rejxistrar  Water  Dept Minneapolis.  Minn 

Moore.  A.  G..  Engineer  and  Sup"t  Water  Dep't Cincinnati.  Ohio 

Moorhead.  T.  S,.  Civil  and  Hydraulic  Engineer Arcadia.  Fla 

Morley.  Phillip.  Sup"t  Water  Co East  Liverpool.  Ohio 

Morse.  C.  W..  Sup"t  Waterworks Haverhill,  Mass 

Morton.  B.  R..  C.  E.  and  Sup"t  Waterworks Newport.  Ky 

Murdock.  Gilbert.  C  E..  and  Sup't  Waterworks St.  Johns.  N.  B 

Neagle.  P.  J..  Sup't  Waterworks? ; Elmira.  N.  Y 

Nelttleton.  C.  H..  Agent  Water    Co Birmingham.  Conn 

Neville.    Thos.    J..  Water  Registrar. Rochester.  N.  Y 

Newton.  H.  M..  Sec'y  and  Suji't  Waterworks East  Saginaw.  Mich 

Ogden.  Jno.  K.Chief  Engineer  Water  Dep't Philadelphia.  Pa 

Parrott.  H.  C.  Mechanical    Engineer Lockport,  N.  Y 

Pearsons.  G.  W..  Civil  Engineer Kansas  City.  Mo 

Pearsons.  R.  C,    M.  E Kansas  City.  Mo 

Perkins.  V.  B..    Contracting    Engineer Springfield,  Mo 

Perry.  Wm.  Jr..    Constructing    Engineer Montreal  Quebec 

Phipps.  E.  H..  Sup't  Waterworks West  Haven.  Conn 

Pitney,  H.  C.  Pres't  Aqueduct  Co Morristown.  N.  J 

Polhamius.  J.  A..    Pres't    Water    Co Texarkana.  Texas 

Pond.  F.  H..  Mechanical  Engineer St.  Louis.  Mo 

Potts.  Isaac  B..  Mechanical  Engineer Columbus,    (> 

Priddy,  Chas  N..  Sec'y  and  Sup't  Waterworks Leadville,  Col 

Ouigley.  J.  R..   Pres't"^  Water  Co Sedalia.  M<» 

Race.  R.  T..  Pres't  Fredonia.  Ks..    Water    Co Irving  Park.  IIJ 

Rspder.  F.  Wm..  Consulting    Engineer St.  Louis.  Mo 

Reyer.  Geo..  Thief  Enj^'r    Water  Dep't Nashville.  Tenn 

Randall.  J.  M..  Sup't  Waterworks East  Orange.  N.  J. 

Richards,  W.  G.,   Sup't  Waterworks Atlanta.  Ga 

Richmond.  Alex..  Sup't  Street  Dep't  Waterworks Raliegh,  N.  C 

Rienecke,  Wm..  Sec'y  Water  Co Louisville.  Ky 

Rmker.  Andrew.  City  Engineer -    Minneapolis.  Minn 

Robertson,  Geo.  H..  Sup't  Waterworks Yarmouth.  N.  S 

Root.  W.  J..  Mechanical  Engineer New  York,  N.  Y 

Ruger.  Edward.  Chief  Eng'r  Water  Co Omaha.  Neb 

Russell.  S.  Bent.  Ass't  Eng    Water  D«p't St.  Louis.  Mo 

Ryle.  Wm..  Superintendent  Water  Co Paterson.  N.  J. 

Sawyer,  J.  T..  President  Water  Co AVaverly.  N.  Y 

Schwfer.  August.  Sup't  Waterworks .  .' Maysville,  Ky 

Hchefold.  Frank.  Sup't  Waterworks New  Albany.  Ind 

Shepard.  Edwin.  Manager  Water  Co Seattle.  W  ash 

Sheppard.  F.  W..  "Fire  and  Water" New  York,  N.  Y- 

Schon,  Carl,  Civil  Engineer Toledo,  Ohio 

Searles.  W.  H..  Civil  and  Consulting  Engineer Cleveland.  Ohio 

Sherman.  W.  B.  Mechanical  Engineer  . .  .  . ' Providence.  R.  I 

Shields.  Geo.  A..  Superintendent  Waterwoiks Pueblo.  Col 

Snow.  Eugene  Jr..  Constructing  Engineer Brooklyn.  N.  ^' 

Sprague.  W.  W.,  Chief  Engineer  Waterworks Town  of  Lake,  111 

Stephens,  Beuj.  F..  Ctmstructing  Engineer Fatbush.  N.  Y. 

Stookey.  Matt.  Gen.  Mgr  Waterworks Bellville.  Ill 

Swain.  Geo.  F..  Prof.  C.  E.  Mass.  Inst,  of  Tech Boston.  Mass 

Taylor.  John  W..  Sup't  Waterworks Newcastle.  Pa 

Taylor.  L.  A.,  Constructing  Engineer ,.  - Boston.  Mass 

Tilden.  Jas.  A..  Mechanical  Engineer  ....•••• Boston.  Mass 

Troy.  John  W.,  Superintendent  Waterworks • Pierre,  Dak 

Todd.  John  R,.  Registrar  Water  Dep't Norfolk,  Va 
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Tomliusou,  Samuel.  Dep.  Ex  Eug.  Waterw'ks Bi)mbay.  India 

Tubbs.  J.  Nelson.  Chiet  Eng.    Waterwurks Rochester.  N.  Y 

Utter.  Geo-  H..  Pres't  Water  Co Silver  City.  N.  M. 

VanCleve,  H.  S..  Dir.  Pierre. Dik..  Water  Co Minneapolis.  Minn 

Wadsworth,  A.  R..  Sup't  Water  works Farmington,  Conu 

Walker.  J.  S..  Chief  Engineer  Waterworks Birmingham.  Ala 

Walsh.  Matt.  Sup"t  Waterworks '.  .  Minneapolis.  Minn 

Watson.  Walter.  Civil  Engineer Pittsfield.  Mass 

Watts.  W.  H..  Sup't  Waterworks El  Paso.  Texas 

Watts.  Sylvester.  Contracting  Engineer St.  Louis,  Mo 

Weller.  John.  Inspector  Waterworks East  Saginaw.  Mich 

Wheeler,  W.  H..  Sup't  Waterworks Beloit.  Wis 

Wilkerson.  J.  H..  Sup't  Waterworks Bowling  Green.  Ky 

Willard,  W.  H..  Sup't  Waterworks Eau    Claire.  Wis 

Williams.  L.  H..  Sec.  &  Treas  Newcastle  Water  Co .Pittsburg.  Pa 

Wills,  E.   S.,  Superintendent  Water  Co Atchison.  Kans 

Wiltsie.  Myron.  Engineer  of  Construction Rapid  City.  Dak 

Wing..  Fred.  Const  Engineer Dallas.  Texas 

Wingtield.  N..  Chief    Eng.   Waterwork Chattanooga.  Tenn 

Wirt.  R.  D..  Superintendent  Waterworks Independence.  Mo 

Woodruff,  Timothy,  Sup't  Waterworks Bridgetou.  N.  J 

Young.  John.  Civil  Engineer Geneseo.  N.  Y 

ASSOCIATE. 

Adee.  Fred  &  Co.,  No.  52  Cliff  St    New  York,  N.  Y 

Addyston  Pipe  &  Steel  Co        Cincinnati,  Ohio 

Ahrens  &  ( )tt  Mfg.  Co..  Waterworks     Supplies Louisville,  K\ 

Bingham  &  Taylor,  Clinton  &  Jackson    sts      .    Buffalo,  N    Y 

Blake.  Geo.  F..'Mfg.  Co..  Nos.  95-99  Liberty  st  New  York  N.  Y 

Bourbon  Brass  Olt  Copper  Works..  W.  W.  Supplies..      .  .  .    Cincinnati,  () 

Caldwell.  Jno.  A..  M.  E.  Hyatte.  Pure  Water  Co. Bay  Ridge.  N.  Y 

Chapman  Valve   Mfg.  Co .      Indian  Orchard.    Mass 

Chattanooga  Foundry  &  Pipe  Works      Chattanooga.  Tenn 

Clark.  Wm.  L..  Newark  Tapping  ila-ch .  .  .    Newark.  N.    J 

Clow.  J.  B.  &  Sons.  Lake  and  Franklin  sts Chicago.  Ill 

Columbus  Water  Works Columbus.  Ohi  o 

Deane  Steam  Pump  Co    ........  .    Holyoke.  Mas  s 

Deutsch.  Wm.  M.  Pres.  Natl  Water  Purifg  Co.  145  Broadway,  New  York 

Eddy  Valve  Mfg  Co      Waterford.    N.  Y 

Edson.    Jarvis  B..  No  91  Liverty  st New  York.    N.  Y 

Equitable  Water  Meter  Co.,  No  36  India  Wharf Boston  Mass 

Fisher  Governor  Co..  Governors Marshalltown.   la 

Galvin  Brass  and  Iron   Works Detroit.  Mich 

Gordon  Maxwell  Co .■-.... Hamilton.  ( )hi() 

Hall  Electric  Pump    Co . Plainfield.  N.  J 

Hardwicke  u  Ware Buffalo.  N.  Y 

Hays  Mfg.  Co Erie.  Pa 

Hersey  Meter  Co Boston,  Mass 

Holly  Mfg.  Co.  Pumping  Machinery Lockport.  N.  Y 

Je>vell  Pare  Water  C.)..  Liks  and  Piaukliu  sts    Chicago.  Ill 

Jones  c'lT  Laughlins,  No.  27  West  Lake  st    Chicago.  Ill 

Kellogg.  E.  H.  &  Co.,  No.  243  South  at New  York.  N.  Y 

Lake  Shore  Foundry  ....      . Cleveland.  Ohio 

Long.  Dennis  &  Co Louisville.  Ky 

Ludlow  Valve  Mfg.    Co Troy.  N.  J 

McNeil.   A.  H Burlington.  N.  .J 

Marsh,  W.  H.,  Man.  Tuerk  Hydraulic  Power  Co.  .....  .    New  York.  N,  ^ 
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Michellou.  J.   P -. Camden.  N.  J 

Michigan  Pipe  Co .  -•  .  .  . Bay  City.  Mich 

Morgan.  A.  W..  Mfg  Co.  No.  11  Forest  Ave Buffalo.  N.  Y 

Mott.  J.  L.,  Iron  Works.  No.  88  i  90  Beekman  st  New  York.  N.  Y 

Mueller.    H      Decatur.    Ill 

National  Meter  Co.,  No.  252  Broadway New  York.  N.  Y 

National  Tube  Works  Co. ......      McKee^^port.  Pa 

Nelson.  N.  O..  Mfg.  Co.,  8th  and  St.    Charles  sts St.  I.ouis.  Mo 

Newark  Filtering  Co..  Tribune  Building New  York.  N.  Y 

Norfolk    Water  Works Nc^rfolk.  Va 

Ohio  Pipe  Co Columbus.  Ohio 

<  )liphant.  Wm Jersey  City.    N.  J 

Payne.  W.   .^ .  .  . Fostoria.  Ohio 

Reading  Iron  Works,  Nos  16  and  18  North  5th  st Philadel[)hia.  Pa 

Reliance  Oil  &  Grease  Co Cleveland.  Ohio 

Richards.  H.  De  C    Jersey   City.  N.  J 

Ripley  &  Bronsim,  Nos.  907-911  North  Main  st  St.   Louis.  Mo 

Robertson,   R.   A.    Jr..    Agent Providence.    R.  I 

Rouse  <z  Hills  Co .  Cleveland.   Ohio 

Shickle.  Harrison  &  Howard  ^r<jn  Ct» St.  Louis.  Mo 

Strang.  Samuel  A.,  No.  30  Pine  st New  York.  N.  Y' 

Union  AYater  Meter  Co Worcester.  Mass 

Volker  <Sr  Felt housen  Mfg.    Co Buffah..  N.  Y 

Water  Waste    Prevention  Co..  Meters New    York.  N.  Y 

Wood  R.  D.  .%  Co..  No.  400  Chestnut    st Philadelphia.  Pa 

Worthington.  H.  R..  Nos.  8fi  and  88  Liberty    st New  York.  N.  Y 

Wortlev.  Ted  A:  Co .  .    Kansas  City,  Mo 
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